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ABSTRACT
F o u r fie ld  te s ts  and two greenhouse te s ts  w ere conducted in 
an  effo rt to determ ine w hether o r not cotton v a rie tie s  re a c t d iffe r­
ently  in th e ir  response  to p re-em ergence  h e rb ic id es. T h irteen  
v a rie tie s  of cotton were planted in  the te s ts :  D .F .L . -15, D .F .L .  - 
9183, D . F . L . -8389, D .F .L .- F o x ,  E m p ire , Stoneville 5A, Stoneville 
2B, M ille r, Delfos 9169, Bobshaw, Coker W ilt R esis tan t, Coker 
Staple, and L ouisiana 33. These v a rie tie s  w ere tre a te d  with alkanol 
amine sa lts  of d in itro -o rtho -secondary -bu ty l-pheno l (DNOSBP), 
isopropyl-N -(3-chlorophenyl) carbam ate  (CIPC), 3 (p -ch lorophenyl)-l, 
1 -dim ethyl u rea  (CMU), and 3 (3 ,4 -d ich lo ropheny l)-l, 1 -dim ethyl u rea  
(K arm ex D). No d ifferen tial response  of any of the v a rie tie s  re c e iv ­
ing any of the trea tm e n ts  was noted. It is  possible tha t sm all d if fe r­
ences actually  did ex is t, but tes ting  p rocedures for m easuring  such 
differences would be im p ra c tica l to employ.
The effect of CMU on som e physiological p ro cesses  of cotton 
plants was determ ined. R esp ira tion  appeared  to be unaffected a t any 
period  following trea tm en t of cotton with CMU. Chlorophyll content 
was found to be reduced  by 33 p e r cent in C M U -treated p lan ts, but 
was qualitatively  unchanged. E x tra c ts  from  the leaves of CMU- 
trea te d  p lan ts w ere found to be m ore toxic tow ard  oats than  s im ila r
viii
ex trac ts  fro m  un trea ted  p lan ts, but le s s  toxic than a 10 m g. / I .  so lu ­
tion  of CMU. The herb icide is  apparen tly  tran sp o rte d  •with the t r a n s ­
p ira tio n  s tre a m  in the xylem  of plants and not tran s lo c a ted  with 
synthates. I t  was observed  th a t im m ers io n  of leaves o r pe tio les in  
solutions of CMU or the p lacem ent of a  CM U -lanolin paste  on the 
leaves did n o t re su lt in  evidence of tra n s p o rt of the m a te r ia l  to  o ther 
p a rts  of the p lant. When the p aste  was applied to the s tem s , evidence 
was obtained th a t the herb ic ide m oves ac ro p e ta lly  within the p lant, 
and if  it w ere applied to  a  sev e red  te rm in a l, basipeta l m ovem ent seem ed 
to re su lt. E n try  of the  m a te ria l into leav es  was m ore  rap id  i f  app li­
cation were m ade to the lower su rface  of the lea f than if the upper 
surface  were trea ted . When the paste was applied to the stem s or 
te rm in a ls  of m atu re  p lan ts , ca llu s tis su e  form ed a t the point of app li­
cation in ev e ry  case, and when application  was to seed lings, such 
tis su e  form ed in  half the trea tm en ts . In m atu re  p lants callus fo rm a ­
tion  was accom panied b y  m alform ations of leaves expanding subsequent' 
to trea tm en t when new growth appeared , hi te s ts  in  which sections 
from  C M U -treated and un trea ted  plants w ere incubated with indole- 
ace tic  acid, th e re  was no observable d ifference in  th e ir  reac tion .
INTRODUCTION
In the chem ical contro l of weeds in  crops the effect of the 
herb ic ide  on the crop  p lan t is  of equal im portance with the effect of 
the herb ic ide  on w eeds. While th is  is  c e rta in ly  an obvious fac t, m uch 
m ore  e ffo rt has been  expended in  p ast y ea rs  on studies of the weed- 
k illing p ro p e rtie s  of m o st h e rb ic id es than on th e ir  effects on crop 
p la n ts .
The p re se n t study co n sis ts  of two p a rts : studies of the r e ­
sponses of se v e ra l v a rie tie s  of cotton to th ree  h e rb ic id es , and studies 
of the effects of a  substitu ted  u re a  herb ic ide  on som e physiological 
p ro ce sse s  of the cotton plant. The f i r s t  p a r t  of the investigation  was 
undertaken because of the n e ce ss ity  of fu rth e r investigation  of a r e ­
p o rted  d ifferen tia l response  of cotton v a rie tie s  to  an herb ic ide . The 
second p a r t  of the study was in itia ted  in an e ffo rt to gain som e insight 
into the mode of action  of an herb ic ide  which had not rece iv ed  m uch 
previous study in  th is  re sp e c t.
It is evident that the n o rm al b iological p ro ce sse s  of plants a re  
too little  understood fo r us to ea s ily  gain a  com plete understanding of 
the a lte ra tio n  of these  p ro c e sse s  by  h e rb ic id es. A study of the p hysi­
ology of h e rb ic id e - tre a te d  p lants is  not work w asted on a  hopeless cause , 
how ever. When enough of the effects of an herb ic ide  upon the single
2physiological phenom ena which can be m easu red  and under stood to 
som e extent a re  determ ined , such evidence m ay  then be co rre la ted  
and an hypothesis e stab lished  regard ing  the overa ll e ffect of the 
herb icide on the plant. It is  in  th is s p ir i t  that the second p a r t  of th is  
study was conducted. It was rea liz ed  th a t no definite conclusions would 
be reached  regard ing  the mode of action of the he rb ic ide , but i t  was 
fe lt that the evidence obtained, when c o rre la te d  with the findings of 
the past and those of the fu tu re , would be a valuable a id  in achieving 
the ultim ate goal of com plete under standing of herb ic ida l action.
LITERATURE REVIEW
I. D ifferen tia l V arie ta l R esponses to  H erb ic ides
In 1953 a re p o r t  was m ade to the Southern Weed Conference by- 
S tam per (78) to  the effect tha t th e re  w ere indications that cotton 
v a rie tie s  re a c t  in a  d ifferen tia l m anner to p re-em erg en ce  application 
of d in itro  phenolic h e rb ic id es . The evidence was based  upon o b se rv a ­
tions of injury- in  cotton production fields in  the season  of 1952 and upon 
experim ental plots and greenhouse te s ts  in  the sam e y ear. The v a r ie ­
tie s  observed  were p laced  in  th re e  c la sse s  with re g a rd  to in ju ry  by- 
herb ic ides and were rep o rted  to  rem a in  within the c la sse s , though 
th e re  was som e varia tion  in  the exact re la tive  ranks of the v a rie tie s .
At the seventh annual m eeting of the Southern Weed C onference, 
N orm and (62) rep o rted  tha t experim en tal w ork in  1953 had  fa iled  to 
show conclusive evidence of any d ifferen tia l response  of cotton v a rie ­
tie s  to p re-em erg en ce  applications of alkanol am ine sa lts  of d in itro - 
o rtho-secondary-bu ty l-pheno l (DNOSBP), isopropyl N -(3-chlorophenyl) 
carbam ate  (CIPC), 3 (p -ch lo ropheny l)-l, 1-dim ethyl u rea  (CMU), or 
3 (3 ,4 -d ich lo ropheny l)-l, 1-dim ethyl u re a  (K arm ex D). These a re  the 
only rep o rts  in  the l i te ra tu re  concerning d ifferen tia l v a rie ta l response  
of cotton to h e rb ic id es.
T here a re  num erous re p o rts  of d ifferen tial response to
4h erb ic ides of v a rie tie s  of crops o ther than  cotton. The g rea t m a jo rity  
of these  re p o rts  concern  the herb ic ide  2 ,4-d ichlorophenoxyacetic  acid  
(2 ,4 -D ). By 1945 th ere  w ere re p o r ts  of v a rie ta l su scep tib ility  and 
re s is tan c e  to h erb ic id es in  chickweed, m arigo ld , co rn , wheat, flax, 
oa ts , ben t g ra s s e s , s tra w b e rr ie s , po tatoes, and o ther p lan ts (10).
The la rg e s t  num ber of re p o rts  have been  concerning the action 
of 2 ,4 -D  on w heat v a rie tie s . Olson a n d B re a k e y  (63) sp rayed  the 
herb ic ide  at two da tes, when the wheat was about 11 inches high and 
also 2-11 days before heading, using two r a te s ,  4 and 8 ounces per 
acre  of amine and e s te r  fo rm ula tions. They rep o rted  v a rie ta l d if­
fe re n ce s , lis tin g  the v a rie tie s  Regent, Redm an, and S tew art as m ost 
susceptib le  to dam age. P h illip s (65) rep o rte d  th a t indications from  
a  te s t  involving se v e ra l sm all g ra in  c rops w ere that th e re  is  a  v a r ie ­
ta l  difference in  response  to 2 ,4 -D  by  w inter wheat v a rie tie s  as 
m easu red  by y ie ld . Shaw and W illard  (75) p laced  wheat v a rie tie s  in 
c la sse s  of re s is tan c e  to 2 ,4 -D  in ju ry  a lso  using yields as a  m easure  
of in ju ry . W oestem eyer (94) rep o rte d  tha t of the sdx v a rie tie s  used  
in  his ex p erim en ts , the v a rie ty  Moking was su p erio r in  y ield  to  E a r ly  
T rium ph, W ichita, Paw nee, Com anche, and M inter. Moking is  a  soft 
w inter wheat, while the o thers a re  h a rd  v a rie tie s .
W arden and B ulle tte  (91) tre a te d  six  sp ring  wheat v a rie tie s  at 
e a r ly  and late tille r in g  w ith 0, 1 /3 , 2 /3 , and 1 pound p e r  acre  of the
5bu ty l e s te r  o£ 2 ,4 -D . They did not use y ield  as a  m easu re  of in ju ry  
because  they  considered  y ield  to be inheren tly  d ifferen t in the v a r ie ­
tie s .  The date x  v a rie ty  in te rac tio n  of th e ir  experim ent was s ign i­
fican t, and  the v a rie tie s  w ere p laced  in  two su scep tib ility  c la sse s .
It has a lso  been rep o rte d  se v e ra l tim es tha t th e re  is no dif­
ference  in  the reac tio n  of wheat v a rie tie s  to 2 ,4 -D . H elgeson (48) 
rep o rte d  that th e re  was no observable d ifference in  v a rie tie s  follow­
ing trea tm en t with 1 pound p e r a c re  of the herb ic ide a t tille rin g .
Many of the sam e v a rie tie s  used by W arden and B ullette  (91) were 
u sed  and two durum  wheat v a rie tie s  w ere also  included.
E ld e r (28), who tre a te d  8 w inter wheat v a rie tie s  a t four stages 
of growth, rep o rte d  no significant d ifferences betw een them  in th e ir 
reac tions to 2 ,4 -D . P h illip s (66), using m any of the sam e v a rie tie s , 
rep o rte d  no significant d ifferences betw een stages of growth o r chem i­
c a ls , bu t did show a significant in te rac tio n  betw een stages of growth 
and v a rie tie s . Thus, E a r ly  T rium ph and Moking w ere sev ere ly  in ju red  
if sp rayed  at the boot stage, while o ther v a rie tie s  te s te d  were re s is ta n t  
to in ju ry  a t the boot stage , but suscep tib le  a t the f i r s t  jointing stage.
D ifferen tia l response  of b a rle y  v a rie tie s  to 2 ,4 -D  has been 
rep o rte d  by Wolfe and V iehm eyer (95), F o s te r  (33), and Olson and 
B reakey  (63). Wolfe and V iehm eyer applied the herb ic ide  only once, 
when "the m a jo rity  of the heads w ere em erging  from  the sheath . " They
6c la ss if ied  the v a r ie tie s ' re s is tan c e  to  the herb ic ide  on the b asis  of 
tendency to lodge and a lso  on the b a s is  of p lan t height. T heir re su lts  
•were conflicting, a s  in  the case  of the v a rie ty  Club M ariout, which 
was m o st re s is ta n t  when c la ss if ied  according to height and m o st s u s ­
ceptible when c la ss if ied  on the b a s is  of lodging. In work done by 
F o s te r  trea tm e n t was accom plished a t two da tes, a t the 3 -lea f and 
the 5 -lea f stag es . Olson and B reak ey  tre a te d  when the b a rle y  was 11 
inches high and a lso  a t 2-11 days before tille rin g . The au thors did 
not em ploy the sam e b a rle y  v a rie tie s , but both rep o rte d  v a rie ta l 
d ifferences in the response  to 2 ,4 -D .
In a  second re p o r t V iehm eyer and Wolfe (90) found no sign ifi­
can t d ifference betw een the sam e b a rle y  v a rie tie s  used  in  the te s t  r e ­
po rted  upon by Wolfe and V iehm eyer (95). D erscheid  (20) a lso  fa iled  
to  find significant d ifferences among 8 b a rle y  v a rie tie s  i f  a ll w ere 
tre a te d  a t  the sam e stage of growth. The herb ic ide  was applied a t 
seedling, tille rin g , boot, and bloom  stages.
Olson and B reakey  (63), applying 2 ,4 -D  to  oats when the plants 
were about 11 inches high and a t 2-11 days before  heading, found a 
v a rie ta l response  in  tha t A jax and Vangard were low er in y ield  than 
o ther v a rie tie s . F o s te r  (35), applying 2 ,4 -D  to oats a t the 3 -lea f and 
5 -lea f stag es , found V angard to be among the top y ie lders  of 11 v a r ie ­
tie s . He rep o rted  tha t on the b a s is  of yield, G opher, Vangard, and
7V alor w ere m o st r e s is ta n t  to 2 ,4 -D  in ju ry , while on the basis of de­
fo rm ations of the p lan ts , A jax, B eacon, B righton, and Vangard were 
m o st suscep tib le .
R eports of no significant d ifferences betw een the v a rie ta l r e ­
actions of oats to  2 ,4 -D  have been  m ade by V iehm eyer and Wolfe (90), 
who used  4 v a rie tie s  sp rayed  a t heading; D ersch ied  (21), who sp rayed  
9 v a rie tie s  a t seedling, tille r in g , boot, and bloom  stages; and Godbout 
(44), who used 2 v a rie tie s , sp rayed  a t the 3 -lea f stage.
In flax  v a rie ta l d ifferences w ere rep o rte d  by  m o st w orkers to 
be considerab le , and in  one case  to be in h erited  (4). F o s te r  (34) 
tre a te d  5 v a rie tie s  two weeks and four weeks a fte r em ergence with 
the butyl e s te r  of 2 ,4 -D . At the 2-w eek stage, Dakota was m ost r e ­
s is ta n t, bu t a t the 4-w eek stage L ira l, Dominion, and B ison proved 
m ore  re s is ta n t than  Dakota or Royal. Ranking was on the b asis  of 
delayed m a tu rity  and yield. O lson and Z alik  (64) found Dakota to be 
suscep tib le  to reduced  y ield  by the butyl e s te r  a t 5 weeks and by  both 
the e s te r  and trie thano l amine sa lt  of 2 ,4 -D  a t 8 weeks. Coupland (13), 
using 6 flax  v a rie tie s  sp rayed  when they  w ere about 4 inches high, 
ranked  them , in  o rd e r of increas ing  re s is ta n c e  to delayed m atu rity , 
a s  follows: Royal, Dakota, Redwing, A rrow , V ictory, Rocket. In 
o rd e r of high to low  yield, the v a rie tie s  ranked  as follows: Royal, 
Redwing, A rrow , D akota, R ocket, V ictory . He found no significant
8height d ifferences. Dunham and Robinson (26), using the sam e six  
v a rie tie s  as Coupland (13) plus 4 o th e rs , found no significant d if­
fe rences betw een th e ir  reac tio n s to 2 ,4 -D  or to 2-m eth y l-4 -ch lo ro - 
phenoxyacetic ac id  (MCP) when sp ray ed  a t a  tim e when the plants 
w ere 4 inches ta ll. The c r i te r ia  for in ju ry  w ere seed  and s tra w  yield. 
Of another experim ent Dunham (25) s ta te s , "When five v a rie tie s  were 
sown at 10-day in te rv a ls , no one v a rie ty  m ain tained  its  re s is tan c e  or 
su scep tib ility  in re la tio n  to o thers when m easu red  in re la tio n  to 
o th e r s ."
Bean v a rie tie s  a re  rep o rte d  to exhibit some d ifferen tia l r e ­
sponse to certa in  chem icals , bu t not to o th e rs . Sweet and R ies (82) 
rep o rted  the v a rie ty  H enderson to be to le ran t to 12 pounds p e r ac re  
of 3, 6-endoxohexahydrophthalate (Endothal) and Fordhook to  be to le ran t 
to 6 pounds, w hereas B lack Valentine and Red Kidney w ere as sensitive  
to 6 pounds of Endothal as to 1 pound of 2 ,4 -D . On the o ther hand, the 
la t te r  two v a rie tie s  w ere to le ran t to g re a te r  concentrations of sodium  
2 ,4-dichlorophenoxyethyl sulfate (C rag #1) and MCP than  the fo rm er 
two. Red Kidney was m ost susceptib le  to  so il applications, bu t m ost 
re s is ta n t to fo liar application of the h e rb ic id es . No difference betw een 
the v a rie tie s  was observed  when they w ere tre a te d  with herb ic id a l o ils , 
isopropyl-N -phenyl carbam ate  (IPC), o r isopropyl-N -(3-chlorophenyl) 
carbam ate  (CIPC). Sweet e t a l (81) found no difference in the resp o n ses
9of Bountiful, Fordhook, and Red Kidney beans to  dintrophenols, 
pentachlorophenols, o r po tassium  cyanate.
In o ther crops V iehm eyer (89) and G ilb ert and Wolf (43) r e ­
po rted  a  d ifferen tia l v a rie ta l response  to  2 ,4 -D  in s tra w b e rr ie s , and 
Alban (1) rep o rted  th a t applications of sodium  isopropyl xanthate, 
sodium  trich lo ro p h en ate , CIPC, and ethyl xantogen disulfide a t layby 
significantly  reduced  the y ield  of Sweet Spanish but not of B righam  or 
Yellow Globe onions. P re -em erg en ce  applications of the sam e chem i­
cals fa iled  to e lic it a  v a rie ta l response . E ld e r (29) and King (51) r e ­
po rted  tha t sorghum  v a rie tie s  d iffered  in  th e ir  response to  2 ,4 -D .
E ld e r found the forage v a rie tie s  to be m ore  re s is ta n t  than g ra in  
so rghum s.
D ifferen tia l resp o n ses of co rn  v a rie tie s  and inbreds to 2 ,4 -D  
have been  rep o rted  se v e ra l tim es (3, 11, 19, 47, 53, 69, 71).
D earborn  (19) tre a te d  eight co rn  v a rie tie s  using 4 pounds ac id  equivalent 
of am m onium  sa lt of 2 ,4 -D  applied before  em ergence. He ranked the 
v a rie tie s  N orth  S tar and Seneca Dawn as suscep tib le; C a rm e lc ro ss , 
S pancross, and Golden C ross as in te rm ed ia te ; and Ioana and Lincoln 
as re s is ta n t  on the b a s is  of vegetative m alfo rm ations. Havis and Sweet 
(47) sp rayed  the sam e v a rie tie s  over the tops when they w ere about 6 
inches high with 1 pound acid  equivalent of the sodium  sa lt  of 2 ,4 -D  
and obtained exactly  the sam e ranks on the b a s is  of fo lia r m alform ations
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as had D earborn. In n e ith e r case  was a  d ifference in  y ield  o r the 
tendency to lodge shown to  occur.
The possib ility  th a t d ifferences betw een v a rie ta l reac tions to 
herb ic ides m a y b e  due to d ifferences in  dates of em ergence and 
m a tu ra tio n  inheren t in  the v a rie tie s  has been considered  by se v e ra l 
w orkers (10, 22, 23, 25, 66, 71, 74, 79). Studies in  which the p lan ts 
w ere  sp rayed  a t sh o rt in te rv a ls  o r in  which se v e ra l planting dates w ere 
em ployed show tha t fo r the plants studied, th e re  apparen tly  e x is t v e ry  
sh o rt periods in  the life  of the p lan t when c e rta in  m eris tem a tic  a re a s  
a re  susceptib le to damage by the herb ic ide . B arley , fo r exam ple, is 
m o st susceptib le to  2 ,4 -D  damage before  the 5 -lea f stage, som ewhat 
to le ra n t from  the 5 -lea f stage to the e a r ly  boot stage, again susceptib le  
from  the p re-head ing  to the la te-head ing  stage, and highly re s is ta n t  
a t the post-heading stage (23). In co rn , according to Buchholtz (10), 
one day’s d ifference in  m a tu rity  can m ake a  la rg e  difference betw een 
v a rie tie s  sp rayed  w ith 2 ,4 -D  a t the sam e chronological tim e .
n .  Modes of H erb ic idal Action
The exact m anner in  which an herb ic ide b rin g s about the death 
of a  p lant is  not com pletely  understood in the case  of any herb icide.
By com paring the various physiological p ro c e sse s  of h e rb ic id e -tre a te d  
w ith those of un trea ted  p lan ts , evidence has been obtained from  which 
i t  is  possib le  to  th eo rize  on the m ode of action of the herb ic ide . F o r
som e herb ic ides th is  evidence is a lm ost conclusive; fo r o thers only 
an  u n certa in  hypothesis is  estab lished . Some of the evidence re g a rd ­
ing the m odes of action  of the m ore  com m on herb ic ides will be b rie fly  
p resen ted .
It has been suggested that sodium  chlorate  p e r se is  not the 
toxic p rincip le  which u ltim ately  causes phytotoxicity. Sodium ch lo ra te  
m a y b e  reduced  b y  the sam e ce llu la r m echanism  which ac ts  on n itra te s , 
form ing ch lo rite  and hypochlorite ions which a re  the ultim ate toxic 
fac to rs  (67). However, if th is w ere the case , i t  would seem  that the 
m a te r ia l would be m ost effective in  n itr a te - r ic h  so ils , and it  is  not 
(38). Following the application of sodium  ch lo ra te  to a  p lant, the 
carbohydrates a re  rap id ly  depleted, perhaps as a re s u lt  of the observed  
in c rease  in  re sp ira tio n . The enzym e ca ta la se , which ca ta lyses the r e ­
duction of hydrogen peroxide, is  inhibited  by th is he rb ic ide , and i t  is  
postu lated  (38) that an accum ulation of hydrogen peroxide m ay be the 
ultim ate  cause of death.
A rsen ic  has been noted to inhibit the re sp ira tio n  of p lan ts. It 
is  thought tha t in low  concentrations a rsen ic  can rep lace  phosphorus 
in g lyco lysis, and in  high concentrations i t  can inhibit the K rebs 
cycle (38).
Phenols have long been considered  to be p ro te in  coagulants in 
high concen tra tions, but th is  does not n e c e ssa r ily  explain the
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effectiveness of d in itro  phenols in  herb ic ida l concentrations. A s a  r e ­
su lt of trea tm en t with dinitrophenols, i t  has been  rep o rted  th a t the 
b asic  cell m echanism  responsib le  fo r the generation  of phosphorus 
bonds through oxidation is d isrup ted . The re s u lts  a re  that synthetic 
reactions a re  blocked, phosphate uptake is inhibited, and grow th and 
d ifferen tiation  a re  inhibited  (7, 50). The ra te  of re sp ira tio n  is  doubled 
or tr ip le d  by low  concentra tions of d initrophenols and higher concen­
tra tio n s  inhibit re sp ira tio n  (6, 45, 50, 52, 61, 80). It m ay be th a t 
ce llu la r absorption of e ssen tia l organic m etabolites is  a lso  inhibited 
(38).
The bulk of the rep o rts  concerning the physiological action  of 
herb ic ides has been concerned  with 2 ,4 -D . The effects of th is chem i­
cal on plants have b een  found to  be num erous. R esp ira tion  is  m arked ly  
influenced. V ery low  concentrations re su lt  in  in c re a sed  evolution of 
carbon  dioxide; in term ediate  concentrations perm anen tly  in c rease  the 
ra te  of re sp ira tio n  un til the p lan t d ies; high concentra tions cause a 
le ssen ed  evolution of carbon dioxide following an in itia l in c rease  (9,
39, 50, 58, 67, 77, 84). Sugars in c rease  and s ta rc h  and dex trins 
d ecrease  im m ediately , but subsequently  all th re e  frac tions dim inish  
(46, 56, 59, 67, 73, 77, 86, 92).
The a ry l substitu ted  ca rb am a te s , IFC and CIPC, a re  g en era lly  
considered  to ac t as n a rco tic  agents causing m ito tic  ir re g u la r i t ie s .
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C ell division is  stopped a t m etaphase , resu lting  in  nuc lear and 
chrom osom al ab erra tio n s  (24, 30, 31). The chlorophyll content of 
plants affected by the carbam ates is  unusually  high; an  18-28 per cent 
in c rease  p e r g ram  of d ry  weight or p e r t re a te d  lea f a re a  has been r e ­
po rted  (36, 37). The n itrogen  content of tre a te d  p lan ts is  high, but th is 
m ay  be an a rtifa c t due to d e c rea se d  grow th influencing the percen tages. 
R eserve  carbohydrates a re  m uch reduced , bu t reducing sugars  a re  
high. R esp ira tion  shows in itia l inhibition, then stim ulation , and 
finally  a  decline (38). Growth and re sp ira tio n  effects can be o v e r­
come by  inosito l as in  n arco tic  tre a te d  p lants (37).
The action of sodium  trich lo ro ace ta te  has not been  studied to 
a g re a t extent. The chem ical has been  noted to d isappear from  su s ­
ceptible tre a te d  p lan ts , but can be found fo r som e tim e in to le ran t 
ones, which ind icates that the m a te r ia l becom es toxic upon its  b re a k ­
down in  the m etabo lism  of the p lant (88).
The herb icide m ale ic  hydrazide (1, 2 -d ihydropyridazine-3 , 6- 
dione) has been  shown to exhibit m utual antagonism  tow ard  2 ,4 -D , 
ido leacetic  acid , and naphthalineacetic acid. It has horm one p ro p e r­
tie s  in  tha t i t  produces form ative effects on le a v e s , inhibits growth, 
nu llifies ap ical dom inance, and is  tran s lo c a ted  in p lan ts , bringing 
about reg u la to ry  responses a t a d istance from  its  point of application 
(15). C arbohydrates have been rep o rte d  to accum ulate in  tre a te d
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leaves (15, 16)..
Evidence concerning the action of the substitu ted  u rea , CMU, 
indicates that the action of th is chem ical m ay be quite d ifferent from  
tha t of o ther h e rb ic id es. In m o lecu lar configuration CMU is  m ost 
c losely  re la ted .to  the ca rb am a te s , IPC and CIPC, but the o b se rv a ­
tions m ade so fa r  indicate that the effects of the two compounds a re  
not alike.
The g ro ss  responses of p lants to CMU absorbed  through the 
roo ts a re  a  lo ss  of tu rg o r; ch lo ro sis  beginning with m arg in s of the 
leaves; and p rog ressive  dieback of the o lder leav es . G erm ination and 
growth of seedlings p lanted in tre a te d  so il a re  no rm al up to 10-14 days, 
when ch lo rosis f i r s t  ap p ea rs . These sym ptom s suggest that the 
n itrogen  m etabo lism  of the plant has been  upset (12, 37, 38, 68). 
A nalysis has shown that tre a te d  plants a re  low er in am m onia and 
n itra te  n itrogen , but h igher in  p ro te in  n itrogen , than con tro ls (38). 
F u rth e r  analysis showed tha t little  new n itrogen  had been  added since 
trea tm e n t, suggesting tha t the h igher percen tage of p ro te in  n itrogen  
m ight be due to reduction  of growth of the tre a te d  p la n ts . N itrate  
absorp tion  was shown to be d ecreased  by  about 50 per cent. Carbohy­
drate  re s e rv e  was found to be p rac tica lly  n il, but i t  was sta ted  that it 
was not known whether th is  were due to in c re ased  re sp ira tio n  o r de­
c reased  growth (38).
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R ecent stud ies have indicated  that, while CMU does not p ro ­
duce the chrom osom al ab erra tio n s  observed  to be caused  by  the 
c a rb am a te s , m ito s is  appears to be re ta rd e d  in the ap ical m eris tem s 
of b a rle y  if the p lan ts a re  sp rayed  in  the e a r ly  jointing stage* T w ist­
ing or ro lling  of the leaves m ay a lso  occur if the p lan ts a re  tre a te d  a t 
tha t tim e (12). L e ss  cam bial activ ity  was shown by  b a rley , soybean, 
and tom ato plants tre a te d  with the herb ic ide . Sections of onion roo t 
tip s tre a te d  with CMU appeared  to show reduced  m ito tic  activ ity , a 
la c k  of no rm al d ifferen tiation  of the m e ris te m s , and nuclear b re a k ­
down. It has been  pointed out that, unlike phenoxy type h erb ic ides,
CMU applied lo ca lly  to p lants does not bring  about g ro ss  m alfo rm a­
tions o r sw ellings (12, 60). The la t te r  w orkers rep o rte d  evidence 
tha t the toxic action  of CMU is  p r im a r ily  in  the a e r ia l  portion  of the 
p lant. E x cised  roo ts w ere grown in  n u trien t solutions with "phytotoxic 
concen tra tions" of CMU without damage to  the ro o t sections.
M ateria ls  en tering  plants d iffer g rea tly  in  th e ir  degree of m ove­
m en t within the plant. The mode of action of an herb ic ide  is  c losely  
re la te d  to tran s lo ca tio n  because the tis su e s  reach ed  by  the chem ical 
de te rm ines the tis su e s  affected  by i t  and a lso  because rap id  in itia l 
k illing of su p e rfic ia l cells  m ay tend  to r e s t r ic t  fu rth e r m ovem ent 
within the p lan t. T here is  obviously a b e tte r  chance for the m ore 
w idely d is tribu ted , slow er acting chem ical to affect the en tire  p lant (72).
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Any w ater soluble substance m ay  be sp read  by diffusion, but 
th is  p ro cess  is  probably  too slow  to be of im portance w ith h e rb ic id es. 
Those which penetra te  the roo t m ay be c a r r ie d  upw ard in  the xylem  
by  the tran sp ira tio n  s tre a m  a t re la tiv e ly  high velocities (32, 49, 55,
76, 83, 97). L ea f application m ay be followed by  a  re v e rs a l  of the 
d irec tion  of w ater m ovem ent and the substance m ight then  move b a s i-  
pe ta lly  (55). Though xylem  tra n sp o rt m ay be involved with horm one- 
type chem icals , m ost appear to be d istribu ted  v ia  the phloem  by the 
sam e m echanism  which governs the tra n sp o rt of endogenous m etabo lites 
(83, 97). Since such a  system  of tra n sp o rt  would depend upon the 
m ovem ent of e lab o ra ted  food, i t  would be favored  by conditions 
favoring photosynthesis (54, 57, 68, 93, 97).
T ranslocation  of 2 ,4-D  has been rep o rte d  to take place with the 
a ss im ila te s  in the phloem . If the m a te r ia l is  p laced  on s ta rv ed  leav es , 
which a re  not translocating  su g a rs , th e re  is  no m ovem ent of the 2 ,4 -D  
until sugar is  supplied to the le a f  (17, 18, 70, 97). It has been  shown 
by autographs of bean plants tre a te d  with rad ioactive 2 ,4-D  tha t ab­
sorption  is  rap id , m igra tion  is  in  the v ascu la r t is su e s , and tra n s lo c a ­
tion occurs a t ra te s  up to  100 cm . /hour in  stem s and roo ts (14). When 
one lea f is  tre a te d , th e re  is l it t le  m ovem ent to the opposite leaf, and 
m ore radioactive 2 ,4 -D  is absorbed  by the lea f when the m a te ria l is  
p laced  on the m id rib  than when i t  is p laced  e lsew here on the leaf.
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W ater availab ility  to the plant has not been  shown to be a  fac to r in 
the tran s lo ca tio n  of 2 ,4-D  (5, 98). Radioautographs show tha t 2 ,4-D  
accum ulates in the hypocotyl, epicotyl, and te rm in a l bud of beans (14).
CMU also  accum ulates in  m e ris te m s , but the path  of m ove­
m ent in the p lant m ay  be d ifferen t from  th a t of 2 ,4-D (12). E xcision  
of the xylem  has p reven ted  passage of CMU, while excision  o r b u rn ­
ing of the phloem  did not (60). E xperim en tal evidence ind icates that 
the m ovem ent of CMU within plants is  a lm ost e n tire ly  acropeta l and 
that no rm al tran sp ira tio n  is  n e c e ssa ry  fo r its  m ovem ent. Within the 
lea f, the m a te ria l is  rep o rted  to move betw een the veins (60).
Compounds which a re  inactive o r e ssen tia lly  so as auxins m ay 
be effective physiologically  because they  inhibit auxin in the plant, 
which responds accordingly . Antiauxin activ ity  m ay be dem onstra ted  
by: (1) dep ression  of grow th or o ther auxin induced reactions by  non­
toxic concentrations of the antiauxin, o r (2) in c rease  in  grow th by addi­
tion of the antiauxin to tis su e  in which th e re  is  an above-optim al con­
cen tration  of native auxin. It is  fu rth e r n e c e ssa ry  tha t added auxin 
allev iate  o r abo lish  the inhibition caused  b y  the antiauxin (8). Auxin 
inhib itor te s ts  in  c u rre n t use em ploy in tac t Avena coleoptiles (41, 42), 
decapitated  Avena coleoptiles (40, 50), and re ta rd a tio n  of roo t grow th 
(2, 27, 45).
Auxin antagonism  has been shown in  compounds which a re
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weakly active as auxins o r in  compounds having the typ ical auxin 
m olecu lar configuration w ith a ltera tions in the side chain such as 
substitu tion  of isobu ty ric  fo r the ace tic  side chain, e lim ination of the 
carboxyl, o r isom eriza tion  (8). It h as  been rep o rte d  that 2 ,4-D r e ­
duces the auxin of buds in  p roportion  to the 2 ,4-D concentration and 
that the form ative action of 2 ,4-D can  be counteracted  by indoleacetic 
ac id , C onsideration m ight then be given to the possib ility  that an 
herb icide m ight act as an antiauxin and  tha t some of the p re sen tly  
known herb ic ides m ight be, in fact antiauxins (8).
MATERIALS AND METHODS
I. V arie ty  T ests
A. F ie ld  T ests
1. T es t F - l
Twelve v a rie tie s  of cotton w ere planted  on May 26, 1953 a t 
Baton R ouge, L ouisiana. The plots w ere 65 fee t long and four rows 
wide. The so il type was L in tonia s i l t  loam . The seed  w ere h ill-  
dropped using a  stan d ard  tw o-row  tra c to r  m ounted p lan ter. The 
v a rie tie s  p lanted  w ere: D . P . L . -15, D .P .L .-9 1 8 3 , E m p ire ,
StonevHle 5A, Stoneville 2B, M ille r, D .P .L .- F o x ,  D elfos 9169.
Bobs haw, Coker W ilt R esis tan t, Coker S taple, and L ouisiana  33.
A ll plots w ere sp rayed  im m ediate ly  a fte r  planting with a  t ra c to r  
m ounted tw o-row  sp ra y e r . A  fourteen  inch band over the d r ill  was 
sp rayed , and the to ta l volume of sp ray  solution applied to th is  band 
was 15 gallons p e r a c re . The seedbed was firm ed  by a  ro lle r  device 
. which im m edia te ly  p receded  the sp ra y  nozzle of the appara tu s.
The chem icals used  and the ra te s  a t which they  w ere applied  to 
the tre a te d  band w ere as follows: alkanol am ine sa lts  of d in itro -o rth o  - 
secondary-buty l-phenol (DNOSBP) a t 2, 3, and 4 pounds pe r a c re ; 
isopropyl N -(3-chlorophenyl) carbam ate  (CIPC) a t 2, 3, and 4 pounds 
p e r a c re ; and 3 (p -ch lo ropheny l)-l, 1-dim ethyl u re a  (CMU) at 3 /4  and
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1 pounds p e r  a c re . E ach  v a rie ty -trea tm e n t com bination was r e p l i ­
ca ted  th ree  tim es.
W eekly stand  counts w ere made on th ir ty  fee t of row  for eight 
w eeks. The sam ple to be counted was chosen at random  a t each count.
2. T es t F -2
A second te s t  in the 1953. season was p lanted on Septem ber 1. 
One v a r ie ty , D .P .L .  -8389, was added to the twelve v a rie tie s  studied 
in  T es t F - l .
In T est F -2 , the cotton was planted by  hand, and a  uniform  
num ber of seed  were planted in each  plot. P lo ts w ere one row  wide 
and 42 feet long. E ach trea tm e n t was applied  in four rep lica tions.
Spraying was accom plished by use of a  tra c to r  m ounted one-row  
sp ra y e r . The sp rayed  a re a  was a  15-inch band and the to ta l volume 
used  was 15 gallons per a c re .
The chem icals and ra te s  used on the sp rayed  a re a  w ere: 
DNOSBP and CIPC a t 2, 3, and 4 pounds p e r acre  and 3(3 ,4 -d ich lo ro - 
ph en y l)-l, 1-dim ethyl u rea  (K arm ex D) a t 1 /3 , 1/2, and 2 /3  pounds 
p e r a c re . One un trea ted  con tro l p e r v a rie ty  pe r rep lica tion  was m ain ­
tained . W eekly counts of the en tire  population were m ade.
3. T est F -3
The f i r s t  te s t  of the 1954 season was planted on June 11 and
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included tw elve v a rie tie s . The varieties u s e d  w ere the sam e as 
those te s te d  in  T e s t  F -2  except that the v a r ie ty  L ou isiana  33 was not 
included.
The o n e -ro w  plots w ere  13 feet in le n g th  an d  th e re  w ere five 
rep lica tions o f e ach  varie ty -trea tm en t com bination. The cotton was 
p lan ted  by hand  and a  uniform  number of s e e d  was sown to  a ll p lo ts .
The ch em ica ls  were applied in the sa m e  m anner as. d escribed  
in  T es t F -2 . The chemicals and ra tes em ployed w ere: DNOSBP a t 2 
and 4 pounds p e r  a c re , CIPC a t  2-1/2 and 5  pounds per a c re , and 
K arm ex D a t 3 /8  and 3/4 pounds per acre t o  the tre a te d  band.
F ive w eeks after the cotton had em erg ed , m easu rem en ts  w ere 
m ade of the e n tire  population, and the d is tan ce  betw een the  ground line 
and the point of attachm ent of the cotyledons was rec o rd ed . Stand 
counts of the e n tire  population were made w eekly.
4. T e s t F - 4
A second  te s t  during the  1954 se a so n  was p lan ted  on Ju ly  8.
A ll m a te r ia ls  and  methods, stand  counts, a n d  m easu rem en ts were 
conducted in e x a c tly  the same m anner as ou tlined  above.
B. G reenhouse Tests
Two s tu d ie s  of the reactions of diffex*ent v a rie tie s  to  herb ic ide 
trea tm en ts  w ere  conducted in  the greenhouse. Twelve v a rie tie s ,
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E m p ire , Delfos 9169, D .P .L .- F o x ,  M ille r, Bobshaw, Coker Staple, 
Coker W ilt R esis tan t, L ouisiana 33, Stoneville 5A, Stoneville 2B,
D . P . L . -15, and D .P .L .  -9183 w ere planted in  m eta l f la ts . The 
fla ts  were sp rayed  following planting with a  volume of chem ical c a l­
culated to give the p ro p er pound per ac re  re la tionsh ip . The chem i­
cals and ra te s  em ployed w ere: DNOSBP and CIPC a t 6 ,9 , and 12 
pounds p e r  ac re  and CMU a t 1, 1 -1 /2 , and 2 pounds p e r  a c re . The 
ra te s  in  th is case w ere calcu lated  on a com plete coverage, o r b ro a d ­
c as t, b a s is  ra th e r  than on the b a s is  of a  sp rayed  band as in the fie ld  
te s ts .
Seed w ere sown a t the ra te  of six ty  p e r f la t and four re p lic a ­
tions per trea tm en t w ere em ployed. Stand counts of the en tire  popu­
la tion  w ere m ade s ix  weeks following planting and trea tm en t.
II. R esp ira tion  Studies
A se r ie s  of te s ts  was conducted in an e ffo rt to determ ine any 
effect that a  substitu ted  u rea  herb ic ide  m ight have on the ra te  of 
re sp ira tio n  of cotton p lan ts. The substitu ted  u re a  used  in  these 
stud ies was pure 3 -(p -ch lo ropheny l)-l, 1-dim ethyl u re a  (CMU) ob­
ta ined  from  E . I. duPont de N em ours and Company.
The ra te  of oxygen uptake p e r hour p e r g ram  of f re sh  weight 
of tissu e  was m easu red  using conventional W arburg equipm ent and
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pro ced u res  as outlined by U m breit e t a l*. T issue  sam ples of about 
500 m g. w ere suspended in  4 m l. of M /20 phosphate buffer a t pH 6 
which contained 0. 02 M su c ro se . The cen ter w ells contained 0. 2 m l. 
of 20 per cent po tassium  hydroxide. L eaf tis su e  was cut into d iscs 
using a No. 2 co rk  b o re r  and s tem  and ro o t tis su e  w ere cut into ap ­
p roxim ate 5 m m . segm ents fo r p lacem ent into the flask s. The oxygen 
consum ption in  the various experim ents was followed fo r 1. 5 hours at 
25° C. Individual m anom eter readings w ere m ade ev ery  15 m inutes 
un less o therw ise noted.
A. E xperim en t R - l
Cotton was planted in  fla ts  of sand in the greenhouse and 
w atered  a t the tim e of planting with 500 m l. of a  1 and 10 m g. / I .  
solution of CMU. C ontrols w ere w atered  with d is tilled  w ater. Random 
sam ples of roo ts were taken  and the ra te  of re sp ira tio n  m easu red  at 
3 days, 5 days, and 7 days following trea tm en t. The ra te  of r e s p i r a ­
tion of s tem  sam ples was m easu red  on the fifth and seventh days. Two 
rep lica tions of m a te r ia l from  each  tre a tm e n t were studied and the en ­
t i r e  experim ent was repea ted  a week la te r .
* U m breit, W. W. , R. H. B u r r is , and J. F . S tauffer. Mano- 
m e tr ic  Techniques and T issue M etabolism . (M inneapolis: B urgess 
Publ. C o .), Pp. 8-15.
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B. E x p erim en t R -2
C otton was p lan ted  in  so il in ind iv idual pots and sp ra y e d  b efo re  
em erg en ce  with the h e rb ic id e  a t 3 /8  and 3 /4  pounds p e r  a c re .  A co n ­
s ta n t speed , en d less  b e lt type of sp ra y  tab le  was u se d  fo r the sp ra y  
tre a tm e n t. A fter the f i r s t  p a ir  of tru e  le a v es  had  expanded, cotyledons 
of the t re a te d  p lan ts  which w ere m o d e ra te ly  c h lo ro tic  w ere rem oved  
e v e ry  o th er day over a p e rio d  of 12 days and th e ir  ra te s  of r e s p ira t io n  
d e te rm in ed .
C. E x p erim e n t R -3
Tw enty days a fte r  the f i r s t  study  of the  ra te  of r e s p ira t io n  in 
the above te s t  (R -2 ), the f i r s t  p a ir  of tru e  le a v e s  of the u n tre a te d  
p lan ts  becam e ch lo ro tic . The ra te  of oxygen uptake of sam p le s  of 
th e se  leav es  was d e te rm in e d  a t  th a t tim e  and a lso  five days la te r .
D. E x p e rim e n t R -4
Cotton p lan ts  which had  been  grow ing in so il in  indiv idual pots 
fo r five weeks w ere  sp ra y ed  over the tops u sing  the co n stan t speed  
sp ra y  a p p a ra tu s . R a tes  of 3 /6 4 , 3 /3 2 , and 3 /1 6  pounds p e r  a c re  of 
CMU w ere  app lied . The r a te s  of r e s p ira tio n  w ere m e a su re d  on th re e  - 
w eek old cotyledons and a lso  on s ix -w eek  old le a v e s .
E . E x p e rim e n t R -5
In th is ex p e rim e n t, the h e rb ic id e  was in troduced  in to  the
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re a c tio n  fla sk s  while the ra te  of re s p ira t io n  of u n tre a te d  le a f  tis su e  
was being follow ed. Solutions of CMU w ere m ade up to su ffic ien t 
s tre n g th  so th a t th ese  so lu tions com bined w ith the 4 m l. of buffer in 
the m ain  f la sk  would m ake 50 and 100 m g. /  I . so lu tions. The undilu ted 
so lu tions w ere p laced  in . the s id e a rm s  of the W arburg f la sk s . L eaf 
tis su e  d isc s  fro m  u n trea te d  six -w eek  old  p lan ts w ere  p laced  in the 
m ain  co m p artm en t of the f lask s  and th e ir  r a te s  of oxygen uptake 
no ted  e v e ry  15 m inu tes fo r one hou r. The CMU so lu tions w ere  then 
tipped  into the m ain  cham ber and the re s p ira t io n  r a te s  no ted  e v e ry  15 
m inu tes fo r ano ther hour.
F . E x p e rim e n t R -6
U n trea ted  leav es  w ere p laced  in  P e t r i  p la te s  contain ing  10 or 
100 m g. / I .  so lu tions of CMU o r in  d is til le d  w a te r. The open p la tes 
w ere  then  p laced  in  a  vacuum  d e s ic c a to r  fo r a  p e rio d  of one hour. 
T w enty-four h o u rs  a f te r  com pletion  of the above tre a tm e n t, d iscs  w ere 
cut fro m  the leav es  and the ra te  of oxygen uptake was follow ed.
III. C hlorophyll S tudies
T e n -g ra m  sam p les  of cotyledons of th ree -w eek  old cotton  p lan ts 
w ere hom ogenized in  a  W aring B lendor contain ing ace tone  and a  sm a ll 
am ount of ca lc ium  carb o n ate . Two sam p les  w ere fro m  p lan ts which 
had  been  tr e a te d  a t the tim e of planting w ith 500 m l. of a  10 m g. / I.
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CMU solution and two fro m  u n trea te d  p lan ts. The co ty ledons of the  
t r e a te d  p lan ts w ere  m o d era te ly  ch lo ro tic . The sam ples w ere f i l t e r e d  
by suction  and the re s id u e  w ashed with e ther. The f i l t r a te  was m ad e  
up to  500 m l. w ith acetone and a  50 m l. aliquot p ipetted  into a  s e p a r a ­
to ry  funnel containing 50 m l. of e th e r . D istilled  w ater w as added  and  
the e th e r  la y e r  sc ru b b ed  20 tim e s  with d istilled  water b y  the m e th o d  
of M ackinney*. The so lu tion  was then made up to 100 m l. w ith  e th e r  
and d ried  over anhydrous sodium  sulfa te .
To se p a ra te  the g ree n  fro m  the yellow p igm en ts, the e th e r  s o lu ­
tion  of the p igm ents was sapon ified  by addition of 25 m l.  of m e th y l 
alcohol s a tu ra te d  with p o tass iu m  hydroxide and allow ed to  s tan d  in  
d a rk n ess  a t 0° C. overn igh t. The m ix ture  was then s c ru b b e d  in  a  
s e p a ra to ry  funnel with w a te r and e th e r . The lower (w a te r)  la y e r  w as 
t r a n s fe r r e d  to an o th er s e p a ra to ry  funnel, washed with e th e r ,  and  ru n  
off in to  a  100 m l. v o lu m etric  flask . The e ther layer, co n ta in in g  the  
ca ro ten o id s , was w ashed with 2 p e r  cent KOH to rem ove  t r a c e s  of th e  
ch lo rophy llins and  the w ashings added to the flask. T he c h lo ro p h y llin  
so lu tion  was then  m ade up to 100 m l. with water.
The abso rbance  of lig h t was determ ined by use o f  the p h o to ­
e le c tr ic  sp ec tro p h o to m ete r for the four sam p les , two f ro m  t r e a te d  an d
M ackinney, G. C r i te r ia  for the purity  of c h lo ro p h y ll p r e p a r a ­
tions^  Jo u r. B io l. Chem . 132: 91-109. 1940.
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two fro m  u n tre a te d  p la n ts . The ab so rb an ce  a t wave leng th s fro m
o o o
3200 A to 7000 A was d e te rm in ed  in  in c re m e n ts  of 100 A, excep t
fro m  4000 % to 4700 %. and fro m  6200 A to 6600 iL, when in c re m e n ts  
of 50 & w ere  u sed . A bso rp tion  cu rv e s  w ere  p lo tted .
IV. L e a f E x tra c t  T ox ic ity  E x p e rim e n t
F if ty  g ra m s  of f r e s h  le a f  tis su e  fro m  u n tre a te d  p lan ts  and 
fro m  p lan ts tr e a te d  p re -e m e rg e n c e  with 10 m g. /  I .  CMU w ere d is ­
in te g ra te d  in  200 m l. of phosphate b u ffer a t  pH 6 in  a  W aring B lendo r. 
The p lan ts  w ere 6 w eeks old  and the le a v e s  of t r e a te d  p lan ts  show ed 
pronounced  c h lo ro s is . E igh t m l. a liquo ts of the e x tra c t  w ere p laced  
on f i l te r  p ap er in  P e t r i  p la te s  and 40 oat se ed  p laced  in  each  p la te . 
F o r  co m p ariso n , 8 m l. of the b u ffe r only and 8 m l. of a 10 m g. / I. 
so lu tion  of CMU in the b u ffer w ere  p laced  in an o th e r s e r ie s .  T r e a t ­
m en ts w ere in  five re p lic a tio n s . A ll w ere incubated  fo r 60 h o u rs  a t 
30° C. , a f te r  w hich p e r  cen t g e rm in a tio n  and ro o t leng ths of the oats 
w ere re c o rd e d .
V. T ran s lo c a tio n  E x p e rim e n ts
A. Im m e rs io n  in  Solutions
A s e r ie s  o£ tw o-m onth  old cotton p lan ts  grow ing in  the g re e n ­
house was u sed  fo r th e se  e x p e rim e n ts . In one te s t ,  an e n tire  in tac t 
le a f  b lade was im m e rs e d  in  a  b e ak e r containing 0, 1, 5, o r 10 m g. / I .
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of CMU solu tion  fo r p e rio d s  of 1 /2 , 1, 5, 12, o r 24 h o u rs . A t the end 
of the tim e p e rio d , the b lade was rem o v ed  fro m  the pe tio le  and the p lan ts  
o b se rv ed  fo r one m onth.
In ano ther te s t ,  the 0, 5, and 10 m g. /  I . so lu tion  te s ts  d e ­
sc r ib e d  above w ere re p e a te d  fo r p e rio d s  of 12 and 24 h o u rs  in  the d ark . 
A fter rem ova l of the le a f b la d e s , the p lan ts  w ere  re tu rn e d  to the d a rk . 
The p lan ts w ere e igh t w eeks old a t the tim e  of tre a tm e n t.
F o r  a  th ird  te s t ,  the t re a tm e n ts , r a te s ,  and tim e  p e rio d s of the 
f i r s t  ex p erim en t w ere  re p e a te d , using  n in e-w eek  old p la n ts . In th is  
te s t ,  how ever, the le a f  b lad es w ere e x c ise d  a t the tim e of tre a tm e n t, 
and the cu t ends of the p e tio les  im m e rs e d  in the so lu tion  v ia ls .
B . S p ray  E x p erim en ts
T en-w eek  o ld  p lan ts grow ing in the  g reenhouse  w ere sp ra y ed  
to ru n -o ff  w ith CMU so lu tions a t 1, 5, and  10 m g. / I .  T w enty-five 
p lan ts  w ere used  fo r each  tre a tm e n t. The p lan ts  w ere o b se rv ed  as 
they  g rew  in  the g reenhouse  fo r a  one m onth  p erio d .
C. L anolin  E x p erim e n ts
F o r  these  e x p e rim e n ts , p lan ts  grow ing in  the g reenhouse  which 
w ere m a tu re  and flow ering  and p lan ts  in the tw o -lea f s tag e  w ere  t re a te d . 
T h ree  p lan ts of each  age g roup  re c e iv e d  each  tre a tm e n t. T e s ts  in v o lv ­
ing poin ts (1) th rough  (4) below  w ere  re p e a te d .
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L ano lin  and pure  CMU c ry s ta ls  w ere m ixed  toge ther a t ra te s  
of 15 and 33 per cen t CMU by w eight. The C M U -lanolin  paste  was 
app lied  to  the following poin ts on the p lan ts:
(1) The s te m  below  the co ty led o n ary  node
(2) The s te m  above the co ty ledonary  node
(3) The in ta c t te rm in a l bud
(4) The te rm in a l p o rtio n  a f te r  ex c is in g  the te rm in a l
(5) The po in t of le a f  b lade a ttach m en t to the petio le  on the 
upper su rface  of the le a f
(6) The po in t of le a f  b lade a ttach m en t to the petio le  on the 
low er su rface  of the le a f
(7) The la te r a l  m arg in  of the le a f  on the upper su rface
(8) The la te r a l  m a rg in  of the le a f  on the low er su rface  
When app lica tion  was m ade to the s te m , the p aste  was p laced
over a point which had  been  p u n c tu red  s e v e ra l  t im e s  w ith a  need le . 
L eav es w ere  t r e a te d  both on an in ta c t su rfa ce -an d  follow ing a  needle 
pu n c tu re . C on tro ls  w ere  t r e a te d  with lan o lin  alone.
VI. Indo leacetic  A cid  U tiliza tion  E x p erim en ts
A. E x p e rim e n t A - 1
Cotton seed lings which had  been  g e rm in a te d  in a  v e rm icu lite  
m edium  w ere p laced  in H oag land 's  b a s ic  n u tr ie n t so lu tion  in  800 m l. 
b e a k e rs  while m o s t of the coty ledons w ere  s t i l l  in  the seed  co a t. Two
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weeks a f te r  t r a n s fe r  to the liqu id  m ed ium , 10 m l. of a  10 m g. /  I. 
so lu tion  of CMU w as added to h a lf the  b e a k e rs  and a ll the be a lte rs  
w ere  m oved to a d a rk  cab inet.
A fte r one week in  d a rk n e ss , the p lan ts  w ere rem oved  and 5 m m . 
hypocotyl sec tions w ere cu t from  ju s t  below  the co ty ledonary  n o d e .
The sec tions w ere p laced  in  P e t r i  p la tes  contain ing  8 m l. of a  5 m g. / I .  
in d o leace tic  acid  (IAA) so lu tion  o r  in  d is til le d  w a te r only. T hese 
m an ipu lations w ere  c a r r ie d  out u n der re d  ligh t. The p la te s  w ere  then 
allow ed to incubate 18 h o u rs  in d a rk n e ss  a t  30° C-. At the end of th is  
p e rio d , the sec tio n s w ere m e a su re d  with an  o c u la r m ic ro m e te r  in a 
d isse c tin g  m ic ro sco p e . T hese m e a su re m e n ts  w ere  co m pared  to  the 
av erag e  m e a su re m e n t of 50 sec tio n s  p rev io u s ly  cu t with the sam e in ­
s tru m e n t and m e a su re d  im m ed ia te ly . S ections w ere cut with two ra z o r  
b lades bo lted  on opposite  s id es  of a  wooden block.
F o r ty  sec tio n s  fro m  CMU tre a te d  p lan ts  and fo r ty  fro m  un­
tre a te d  p lan ts w ere  u sed  in  IAA tre a tm e n ts .  F iftee n  e ac h  fro m  tre a te d  
and u n trea te d  plaints w ere p laced  in  w ater a s  c o n tro ls .
B. E x p erim en t A -2
Cotton was p lan ted  in so il and  t r e a te d  b efo re  em erg en ce  with 
CMU at 10 mg. / I .  - and grow n in the  greenhouse  fo r th re e  w eeks. S ec ­
tions w ere then cu t fro m  th ese  p lan ts  as in  the p rev io u s ex p e rim e n t (A -l)  
and the sec tions w ere  p laced  in 0 , 1, 2, 5, and 10 m g. / I . IAA so lu tions
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and incubated  20 h o u rs  in  the d a rk  a t  30° C. F o u r re p lica tio n s  of each  
tre a tm e n t, each  tre a tm e n t co n sis tin g  of 10 se c tio n s , w ere  used . Cotton 
which had  no t been  t r e a te d  with a  chem ica l was u se d  as a  con tro l.
C. E x p e rim e n t A -3
This e x p erim en t was v ir tu a lly  a re p e titio n  of E x p erim en t A - l ,  
excep t th a t five re p lic a tio n s  with ten  sec tio n s  p e r  re p lic a tio n  w ere  e m ­
ployed ra th e r  than  8 re p lic a tio n s  w ith 5 sec tio n s  p e r  rep lica tio n .
EXPERIM ENTAL RESULTS
I. V arie ty  T ests
A. F ie ld  Tests
The com posite  data fro m  T e s ts  F - l ,  F -2 , F -3 ,  and F -4  a re  
p re sen te d  in F ig u re s  1, 2, 3, and 4. The values shown fo r each  te s t  
w ere com puted from, the av erag e  of a ll re p lic a tio n s  of each  chem ica l 
a t a ll  ra te s  used as c o m p a re d  to the av erag e  of a ll  re p lic a tio n s  of u n ­
t re a te d  con tro ls.
R esu lts of th e  te s ts  w ith the alkanol am ine s a lts  of d in itro -o r th o  - 
secon d ary -b u ty l-p h en o l (DNOSBP) w ere  v e ry  e r r a t ic .  F o r  som e of the 
v a rie tie s  there  is a  d e g re e  of c o rre la tio n  betw een  the te s ts .  The v a r ie ty
D .P .L .  -Fox, for in s ta n c e , ran k e d  7, 7, 5, and 8 am ong the v a r ie tie s  
in T e s ts  F - l ,  F -2 , F - 3 ,  and  F -4  re sp e c tiv e ly . F o r  the m a jo rity  of 
the v a r ie tie s , h o w ev er, th e re  was l i t t le  c o rre la t io n  betw een  the t e s t s .  
E m p ire , for ex am p le , ran k ed  10, 1, 10, and  4 and  Stoneville  5A ran k ed  
1, 11, 12, and 5 am o n g  the v a r ie tie s  in the four t e s ts .  Wide v a ria tio n  
a lso  o ccu rred  b e tw een  rep lica tio n s  of the sam e t e s t s .
When the v a r io u s  v a r ie tie s  w ere  t r e a te d  w ith iso p ro p y l N -(3 - 
chlorophenyl) c a rb a m a te  (C IPC ), a  d iffe ren t p a tte rn  was e s ta b lish e d . 
Under the conditions of th ese  te s ts ,  the s tan d s of co tton  w ere  m uch le s s
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severe ly  affected by CIPC th an  by  D N O S B P . C onsequently, the popula­
tion  of plants of many of the v a r ie t ie s  -was a s  la rg e  in trea te d  plots as 
in  untreated plots. This s itu a tio n  d e c r e a s e d  th e  v ariab ility  of the data, 
though the relative ranks of th e  f ra r ie tie s  f lu c tu a te d . The v arie ty
D .P .L .-F o x , for example, ra n k e d  5, 1 , 11 , an d  9 among the v a rie tie s  
in  T ests F - l ,  F -2 , F-3, and F - 4  r e s p e c t iv e ly .
The effect of the substitu ted  u r e a s ,  3 ( 3 ,4 -d ich lo ropheny l)-l, 
1-dimethyl u rea  (Karmex D) an d  3 (p -c h lo ro p h e n y l) - l ,  1-dim ethyl u re a  
(CMU), on the stands of the v a rio u s  v a r i e t i e s  w as variable  betw een the 
te s ts . With Karmex D, the s ta n d  r e d u c t io n  o f  a l l  v a rie tie s  was g re a te r  
in  Tests F -3  and F-4 than in  F -2 .  CM U , u s e d  in  T est F - l  only, was 
only m oderately detrimental to  the s ta n d  o f  m o s t  v a rie tie s . The sam e 
inconsistencies appeared as in  the o th e r  t r e a tm e n t s ,  but a  g re a te r  
num ber of varieties Beemed to  hold  a  c o n s ta n t  positio n  in re la tio n  to 
the other varie ties. For exam ple , the  v a r i e t y  Stoneville 2B ranked 
4 , 4, and 5; Miller ranked 1, 1, and  2; a n d  C o k e r  Wilt R esistan t ranked  
8, 9, and 10 in Tests F-2, F - 3 ,  and F - 4  re s p e c t iv e ly .
The designs of Tests F - l  and F - 2  d id  n o t  p e rm it s ta tis tic a l 
analysis of the data. Tests F - 3  and F - 4 ,  h o w e v e r , were so designed 
th a t analysis of variance could be e m p lo y e d . T he analysis of these  te s ts  
showed that there was no s ig n ifican t d i f f e r e n c e  a t  the 5 per cent level 
between any two varieties rece iv in g  th e  s a m e  tre a tm e n t. The high
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degree  of varia tion  in e v e ry  phase of the data in c re a se d  the e r r o r  to 
such proportions th a t the L .S .D . fo r T es t F -3  was 305. 87 and that 
of F -4  was 44 .16 .
M easurem ents of the hypocotyls of plants in  T es ts  F -3  and F -4 , 
while not as variab le  as the stand  counts, did not e s tab lish  a definite 
p a tte rn  of d ifferences betw een the reac tions of the v a rie tie s  to the 
trea tm e n ts . F o r in stance , the v a rie ty  D . P . L . -F ox  com pared  inore 
favorably  to the con tro l than any of the o ther 11 v a rie tie s  in  the 
DNOSBP a t 2 pounds per ac re  trea tm e n t of T es t F -3 , bu t ranked 
seventh in  the sam e trea tm en t of T es t F -4 . The f ir s t- ra n k e d  v a rie ty  
of the DNOSBP a t 2 pounds per a c re  trea tm e n t of T es t F -4 , E m p ire , 
ranked  eighth in T es t F -3 . The sam e was tru e  of o ther trea tm en ts  in  
m any c a se s . The v a rie ty  Stoneville 2B, for exam ple, ranked  second 
b e s t in  the CIPC a t 5 pounds p e r ac re  trea tm e n t of T es t F -3  and la s t  
(twelfth) in the sam e trea tm en t of T est F -4 .
A nalysis of variance of the hypocotyl m easu rem en ts showed no 
significant difference a t the 5 p e r  cent leve l betw een any two v a rie tie s  
of the sam e trea tm e n t. V ariab ility  in the data was such that the L .S .D . 
for T es t F -3  was 133. 56 and that of T est F -4  was 134. 34. T ables 1 
and 2 show that 34 was the g re a te s t difference betw een two v a rie tie s  
in  the sam e trea tm en t of T es t F -3  and 24 was the g re a te s t in  T est F -4 .
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TABLE 1
Hypocotyl Lengths of Cotton 17 Days A ite r P re -em e rg e n c e  T rea tm en t 
With DNOSPB, CIPC, and K arm ex  D, E x p ressed  a s  P e r  Cents of 
Hypocotyl Lengths of U ntreated  C ontrols. E ach  Value is  C alculated 
from  an A verage of 50 M easurem ents.
C hem ical and R ate p e r  A cre 
DNOSBP DNOSBP CIPC CIPC KDL KDL
V ariety 2 lb s . 4 lb s . 2 .5  lb s . 5 lb s . -.375 lb s . .75  1
E m pire 77 94 86 79 88 SO
Stoneville 2B 87 70 99 98 93 90
Stone ville 5A 67 70 97 86 92 96
D. P . L  . -Fox 93 72 94 85 89 81
D .P .L . -15 74 64 100 96 88 96
D .P .L .  -9183 79 66 96 89 89 91
D . P . L . -8389 83 67 96 89 93 84
Coker W ilt R es. 92 67 100 100 100 100
Coker Staple 73 82 99 87 92 95
Bobshaw 83 63 88 100 91 87
Delfos 81 60 100 100 86 90
M iller 78 61 100 100 100 100
T est F -3
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TABLE 2
Hypocotyl Lengths of Cotton 31 Days A fter P re -em e rg e n c e  T rea tm en t 
With DNOSBP, CIPC , and K arm ex D, E x p ressed  as P e r  C ents of 
Hypocotyl Lengths of U ntreated  C ontro ls. E ach  Value is  C alculated 
fro m  an A verage of 50 M easu rem en ts.
Chem ical and Rate p e r  A cre 
DNOSBP DNOSBP CIPC CIPC K arm ex D 
V arie ty____________2 lb s ._____ 4 lb s . 2. 5 lb s . 5 lb s . .375 lb s .
E m pire 88 71 96 84 92
Stone ville 2B 84 69 92 81 90
Stone ville 5A 77 68 96 93 88
D. P .L .  -F ox 79 63 90 82 77
D .P .L .  -15 83 87 100 87 80
D .P .L .  -9183 88 80 100 98 95
D .P .L .  -8389 81 69 94 85 85
Coker Wilt R es. 80 64 9° 91 85
Coker Staple 81 77 100 96 88
Bobshaw 84 69 96 90 93
Delfos 82 71 95 89 89
M iller 79 67 100 83 89
T est F -4
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B. G reenhouse T es ts
R esu lts  of the two greenhouse te s ts  a re  shown in  Table 3.
None of the chem icals a t  the ra te s  te s te d  w ere as in jurious to the 
cotton in  the greenhouse as in  the field . The close c o rre la tio n  b e ­
tw een the stands of chem ically  t re a te d  and u n trea ted  plants m akes a 
ranking of the v a rie tie s  of le s s  value in  the greenhouse te s ts  than  in 
the fie ld  te s ts .  H ow ever, com parisons of v a rie ty -trea tm e n t com bi­
nations of the two te s ts  show th a t a  high standing in  one te s t  is  not, 
in  a t le a s t  ha lf the c a se s , c o rre la te d  with an equivalent standing in 
the o ther te s t.
II. R esp ira tio n  Studies
A. E xperim en t R - l
The re su lts  of E xperim en t R - l ,  in  which the ra te s  of oxygen 
uptake of ro o t sections of 3, 5, and 7-day old seedlings w ere m easu red , 
a re  shown in  Table 4. Some varia tion  is  shown in  the data, but there  
is  no evidence of a  tre n d  in  any d irec tion . One m easu rem en t of the 
4 averaged  for the ra te  of the un trea ted  sections a t  the 5 -day period  
was considerab ly  low er than any o ther figure in  the experim ent. If it  
w ere assum ed  th a t th is  low  figure (201) was due to e r ro r  in technique 
and the figure  d iscarded , the value a t tha t point would becom e 242. 1, 
and the d ifferences betw een values in  Table 4 would be sm all.
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TABLE 3
Stands of G reenhouse Grown Cotton Six Weeks A fter P re -em e rg e n c e  
T rea tm en t with DNOSBP, CIPC, and CMU, E x p ressed .a s  P e r  Cents 
of Stands of U ntreated  C ontro ls. E ach  Value is an A verage of F our 
R eplications of E ach  of Two R ates of E ach  C hem ical
DNOSBP CIPC CMU
V ariety 1st T es t 2nd T es t 1st T est 2nd T est 1st T es t 2dd Te
E m pire 86 .7 89.8 9 1 .7 100.1 83.3 9 2 .4
Stone ville 2B 9 0 .2 101.8 9 8 .0 107.4 84.3 100.0
Stoneville 5A 113.4 89 .4 114.4 96.3 97.9 84 .2
D. P .L ;  -F ox 89 .4 72.5 9 3 .0 96 .2 78.9 8 0 .4
D .P .L .  -15 89-5 9 6 .4 97 .9 93.1 87.5 70.2
D. P .L .  -9183 92. 3 91 .7 111.7 92.1 82 .4 83 .2
Coker Wilt R es . 97 .8 99.9 108.9 103.9 86. 6 94. 1
Coker Staple 9 3 .4 100.1 9 6 .2 98 .2 85 .2 87.1
Bobs haw 92. 2 86 .7 9 2 .2 90.0 78.3 81.8
Delfos 9 4 .5 91 .3 9 8 .3 98 .1 85 .2 9 0 .2
M iller 82.3 94 .5 85.9 90. 8 68.3 85.0
L a. 33 88.9 81. 6 94 .5 88.2 83 .4 78.0
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TABLE 4
A verage R ates of Oxygen Uptake by  Root Sections of P lan ts  3, 5, 
and 7 Days A fter P lanting and T reating  with 0, 1, and 10 m g. / I .  
Solutions of CMU. Values a re  M ic ro lite rs  of Oxygen Consum ed 
p e r  Hours p e r G ram  of F re sh  Weight
Age of P lan ts CMU 1 m g. / I . CMU 10 m g. / I . U n treated
3 days 243.06* 248.34 256. 64
5 days 266.26 257.80 232. 64
7 days 259.94 247.21 239.35
E xperim en t R - l
* E ach  value re p re se n ts  the average of two experim en ts, with
two rep lica tions p e r experim ent.
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B . E xperim en t R -2
The data fro m  E xperim en t R -2 , in  which the ra te s  of re sp ira tio n  
of cotyledon sections w ere followed, a re  p resen ted  in  Table 5. Values 
shown in the table  a re  averages of two rep lica tio n s . In all c a se s  except 
two, the values of the two rep lica tions w ere within 15 units of one 
another. The two exceptions were the 3 /8  pound p e r  ac re  trea tm e n t 
a t the 19 day in te rv a l, fo r which the values of the two rep lica tions w ere 
307 and 128, and the 3 /4  pound p e r a c re  trea tm en t a t the 17 day p eriod  
for which the rep lica tions w ere 213 and 194. No p a tte rn  of changes in  
ra te s  of re sp ira tio n  seem s to have been  e stab lish ed  in  th is  experim en t.
C. E xperim en t R -3
The re su lts  of the m easu rem en ts  of the ra te s  of re sp ira tio n  of 
lea f sam p les, a s de te rm ined  in  E xperim en t R -3 , appear in Table 6.
At the 37-day in te rv a l, the tis su e  fro m  the 3 /4  pound p e r a c re  t r e a t ­
m ent had the h ighest ra te  of re sp ira tio n , while a t the 42-day  in te rv a l, 
the tis su e  from  the 3 /8  pound per a c re  trea tm e n t showed a  h igher ra te  
of oxygen uptake than the o ther trea tm e n ts .
D. E xperim en t R -4
Table 7 shows the data from  E xperim en t R -4 , in  which the 
herb ic ide was sp rayed  d irec tly  on the plants before  the re sp ira tio n  
studies were m ade. A greem ent betw een rep lica tions was good in  th is 
experim en t. A t the 59-day  period  the data  indicate a  genera l dep ress io n
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TABLE 5
Average, R ates of Oxyfeen Uptake by Cotyledon Sections of P lan ts 
T rea ted  P re -em e rg e n c e  with CMU a t 0, 3 /8 , and 3 /4  Pounds p e r 
A cre . Values a re  M ic ro lite rs  of Oxygen Consum ed p e r Hour p e r
G ram  of F re s h  W eight.
Days A fter 
T rea tm en t 3 /8  lb . /a c r e 3 /4  lb . /a c r e U ntreated
17 110.5* 253.5 193.0
19 217.5 143.0 148.0
21 119.0 146.0 113.0
24 202.0 161.0 166.0
26 172.5 171.5 182. 0
E xperim en t R -2
* E ach  value re p re se n ts  an average of two rep lica tions •
TABLE 6
A verage R ates of Oxygen Uptake by L eaf T issue P lan ts  T rea ted  P re  
em ergence With CMU a t 0, 3 /8 , and 3 /4  Pounds per A cre . Values 
a re  M ic ro lite rs  of Oxygen Consum ed p e r Hour p e r  G ram  of F re s h
Weight
Days A fter 
T rea tm en t 3 /8  lb . / a c re 3 /4  lb . /a c r e U ntreated
37 230.5* 266.5 234. 5
42 262.5 249.5 244.5
E xperim en t R -3
* E ach  value re p re se n ts  an  average of two rep lica tions .
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TABLE 7
A verage R ates of Oxygen Uptake by Cotyledon and L eaf T issue  of 
P lan ts Sprayed with CMU a t 0, 3 /64 , 3 /32 , and 3/16  Pounds pe r 
A cre Five W eeks A fter P lan ting . Values A re in  M ic ro lite rs  of 
Oxygen Consum ed p e r  Hour p e r  G ram  of F re s h  W eight
Type and Age 
of T issue 3/64
Pounds p e r A cre
3/32 3/16 U ntreated
Cot. -56  days 247.0* 248.5 255. 0 241.0
Cot. -59 days 183.5 172.0 189.0 257.0
Cot. - 6 l  days 163.0 156.5 212.5 186.5
L e a f-74 days 273.5 243.5 231.5 257.0
L eaf-78  days 290.0 305.0 ---------sjc* 259.5
E xperim en t R -4
* E ach  value re p re se n ts  an average of two rep lica tions
**Plants dead
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of the re sp ira tio n  ra te  of tre a te d  p lan ts. This m ay  be explained by 
the fac t th a t a t th is  age, the cotyledons of tre a te d  p lants were m ore 
chloro tic  and fe ll from  the p lan ts e a r l ie r  than those of un trea ted  p lan ts . 
At the next period , when the condition of the un trea ted  cotyledons was 
m ore  com parable to  tha t of tre a te d  ones, the ra te s  of re sp ira tio n  also  
ag reed  m ore  c losely . A  h igher ra te  of re sp ira tio n  of the lea f tissu e  
of surviving tre a te d  p lants over tha t of un trea ted  p lants a t the final 
p e riod  is  a lso  shown by  the data.
E , E xperim en t R -5
The re su lts  of E xperim en t R -5 , in  which CMU was tipped into 
the W arburg flask  while the ra te  of oxygen uptake of u n trea ted  lea f 
tis su e  was being followed, a re  shown in F igu re  5. No m easu rab le  
change in  the ra te  of re sp ira tio n  of the tis su e  following addition of 
CMU was noted.
F . E xperim en t R -6
When un trea ted  leaves w ere in filtra ted  with CMU solutions in 
E xperim en t R -6 , th ere  was lit tle  effect upon the ra te  of re sp ira tio n .
The d a ta  fro m  th is  experim en t a re  p resen ted  in  Table 8. The varia tion  
in  values shown in  the tab le  is  com paratively  sm all fo r an experim ent 
of th is type, and the ra te s  of oxygen uptake m ay be considered  e s se n ­
tia lly  the sam e .
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F ig u re  5. R ates of R esp ira tio n  of Cotton 
L eaf T issue B efore and A fter 
Introduction of D istilled  W ater, 
a  1 m g. /I . Solution of CMU, and 
a  10 m g. /I. Solution of CMU.
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TABLE 8
R ates of Oxygen Uptake of L eaf T issue 24 H ours FollO/wing Infiltra tion  
With 0, 10, and 100 m g. / I .  Solutions of CMU. Values A re M ic ro lite rs  
of Oxygen Consum ed per Hour p e r G ram  of F re s h  Weight
R eplication 10 m g. / I . 100 m g. / I D istilled  W ater
1 188.64 223.57 210.42
2 178.84 200.56 214.60
3 213.05 214.02 211.30
4 207.79 222.95 213.86
5 218.14 220.35 206.10
6 217.52 242.43 220.32
A verage 204.00 220.65 212.77
E xperim en t R -6
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III. Chlorophyll StudieB
The chlorophyll sp e c tra  o£ C M U -treated and un trea ted  p lan ts 
a re  shown in  F ig u re s  6 and 7. The two figu res re p re se n t d ifferent 
ex trac tions of chlorophyll from  the cotton p la n ts . C orrela tion  betw een 
the data, both qualitatively  and quantitatively, is  g en era lly  good. The 
m axim um  peak of absorp tion  is  a t 4225 X for the un trea ted  p lan ts and 
a t 4200 X fo r the tre a te d  p lants in  F igure  6, and a t 4200 JL for both 
tre a te d  and un trea ted  plants in F igu re  7.
A quantitative difference in  chlorophyll content betw een tre a te d  
and un trea ted  p lants is  apparen t from  F igu res  6 and 7. A t the m axim um  
peak of absorp tion , the optical densities fo r un trea ted  plants a re  950 
and 975 in the two fig u res, while those for the tre a te d  p lants a re  645 
and 633. The low er peaks a re  a t 270 and 265 fo r the un trea ted  and a t 
180 and 180 for the tre a te d  p lan ts.
IV. L eaf E x tra c t Toxicity E xperim ent
D ata on the effect of le a f e x trac ts  of C M U -treated p lants on oats 
a re  shown in  Table 9 . The h ighest figure fo r p e r cent germ ination  was 
found in  the trea tm en t in  which oats w ere germ inated  in  phosphate buffer 
only* The longest roo ts w ere those in the buffer-plus-C M U  trea tm en t. 
E x tra c ts  from  un trea ted  p lan ts seem ed to inhibit both germ ination  and 
ro o t elongation, while ex tra c ts  from  C M U -treated plants were sligh tly  
m o re  inh ib ito ry  than those from  u n trea ted  p lan ts.
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F igure  6. A bsorption S p ec tra  of Chlorophyll E x trac ted  
from  U ntreated  P lan ts  and from  P lan ts 
T rea ted  w ith 10 m g. / I .  Solutions of CMU.
If
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F igu re  7. A bsorption S pec tra  of Chlorophyll E x trac ted  
from  U ntreated P lan ts and from  P la n ts  
T rea ted  w ith 10 m g. /I . Solutions of CMU.
TABLE 9
A verage P e r  Cent g e rm in a tio n  and Root Length, of Oats Incubated in  Contact With 
Phosphate B uffer, 10 m g. /  I . CMU in  Phosphate B uffer, L eaf E x tra c ts  from  CMU- 
T rea ted  P lan ts , and  L eaf E x tra c ts  fro m  U ntreated  P lan ts
Rep.
T rea ted  P la n ts U ntreated  P lan ts B uffer Only 10 m g. / I . CMU
% G erm . Root 1 % G erm . Root 1 % G erm . Root 1 %. G erm . Root 1
1 41 .7* 0.79** 25.5 1.96 62.2 2 .76 56.9 2 .54
2 38.1 1.36 44. 1 0.89 65.0 2 .44 61.0 4 .4 6
3 21.5 0 .61 33.3 1 .64 9 1 .4 2 .71 61.8 3 .12
4 27.0 1.50 45 .8 1.26
•
86.5 2 .34 85 .7 4 .66
5 21.0 1.21 37.5 1.52 91 .2 2. 74. 67.9 4 .03
Ave. 29.9 1.09 37.2 1.45 79.3 2.60 66.7 3 .76
* E ach  value re p re se n ts  an  average of 40 oats
**Root length  m easu rem en ts a re  in  cen tim ete rs
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V. T ranslocation. E xperim en ts
A. Im m ersion  in  Solutions
When le a f  b lades o r petio les w ere im m ersed  in  aqueous so lu ­
tions of CMU fo r periods of up to 24 h o u rs , e ith e r in ligh t o r in d a rk ­
n e ss , th e re  was no observable e ffect of the chem ical on the p lan ts . 
O bservation over a  p e rio d  of a  m onth fa iled  to d isclose  any sym ptom s 
a sso c ia ted  with CMU on the cotton.
B . S pray  E xperim ents
D irec t spraying of ten-w eek  old cotton plants with 1, 5, and 
10 m g. / I .  solutions of CMU re su lte d  in  no effect upon the cotton. In 
p re lim in a ry  work, re la te d  to the re sp ira tio n  experim ents above, 5 mjj. / I .  
concentrations w ere sufficient to k ill 10-day old plants when applied to 
the so il.
C. L anolin  E xperim ents
A pplications of CMU c ry s ta ls  in  lano lin  to the stem s a t e ith e r 
concentra tion  em ployed re su lte d  in  ch lo ro sis  beginning in the p a ir  of 
leaves im m ediate ly  above the point of application of the CMU about a  
week a fte r  trea tm en t, and p ro g ress in g  upw ard to involve the h igher 
leav es . T his p a tte rn  was followed in  e v e ry  case , w hether the herb icide 
w ere applied above or below  the cotyledonary node. The only exception 
to a  wholly acropeta l m ovem ent of the stim ulus was tha t the cotyledons 
of the o lder plants in 8 of 12 cases  w ere shed m ore  rap id ly  than those
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of contro l p lan ts . When the CM U-lanolin paste  was applied to the 
s tem s of m atu re  cotton p lan ts , callus tissu e  was invariab ly  fo rm ed  
a t the point of application of the m ore  concen tra ted  p a s te . The callus 
tis su e  ranged  from  about the size of a  m atch  head to  a s  la rg e  as a  
pencil e ra s e r .  Such tissu e  was a lso  in itia ted  by  the m ore  concen­
tra te d  paste  on younger p lan ts , bu t the incidence was low er and only 
half the plants w ere so affected. P la te  1 shows typ ical callus tis su e  
in itia ted  by th is  trea tm en t.
In s ix  of nine m atu re  p lants tre a te d  on the stem s with the h igher 
concentration  of the CM U-lanolin p a s te , fo lia r m alfo rm ations w ere 
observed. In such p lants a ll leaves expanding subsequent to the t r e a t ­
m ent d isplayed the in c re a sed  longitudinal and d ec rea sed  la te ra l  grow th 
which is  typical of the effect of 2 ,4 -D  on cotton leav es . L eaves d is ­
playing such m alform ations a re  shown in  P la te  2. In p lants where 
such  sym ptom s did no t occur, th e re  was no new grow th subsequent to  
trea tm en t.
A pplication of the CM U-lanolin paste  to in tac t te rm in a ls  re su lte d  
in  one of th ree  reac tions: e ith e r  the te rm in a l was k illed , o r a  callus 
was form ed, o r regrow th  from  the tre a te d  te rm in a l was m alfo rm ed  as 
d escribed  above. The f i r s t  reac tio n  was typ ical of both m atu re  and im ­
m ature  p lan ts , the second o ccu rred  only in seedling p lan ts , and the 
th ird  only in m atu re  p lan ts. When the te rm in a l was excised  p rev ious
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to trea tm en t, the leaves of the p lan ts so tre a te d  died, beginning -with 
the topm ost p a ir , and ending with the low er p a ir .
When leaves w ere tre a te d  w ith e ith e r concentra tion  of the p aste , 
ch lo ro sis  appeared  adjacent to  the tre a te d  a re a  in  about five days, 
and p ro g ress iv e ly  involved the en tire  le a f  in from  one week to two 
weeks. T reatm ent of the m arg in s betw een the veins re su lte d  in  
fa s te r  m ovem ent than if the m a te r ia l  w ere applied to  the vein; t r e a t ­
m ent n ear the petiole re su lte d  in  slow  p ro g ress io n  of ch lo rosis ; and 
tre a tm e n t of the low er le a f surface  re su lte d  in  the m ost rap id  k ill of 
the leaf.
VI. Indoleacetic A cid U tilization E xperim en ts
A. E xperim en t A -1
Table 10 shows the in c rease  in length  of the s tem  sections of 
E xperim en t A -1. T here  is  no significant d ifference shown betw een 
any of the m easu rem en ts taken in  th is  experim ent.
B. E xperim en t A -2
The average in c re ases  in  length  of stem  sections tre a te d  with 
IAA in  E xperim ent A -2 a re  p resen ted  in  Table 11. The values a re  
sm a ll, possib ly  because the m a te r ia l was not grown in the dark . The 
only notable difference betw een C M U -treated plants and un trea ted  plants 
appears in  the 1 m g. /  I . IAA trea tm e n t.
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TABLE 10
A verage Increase  in Length of Stem  Sections of CMU T rea ted  and 
U ntreated  P lan ts  in W ater and  in  a  5 m g. /  I .  Solution of IAA in
D arkness fo r 18 H ours.
R eplication
Sections from  T rea ted  
P lan ts
Sections fro m  U ntreated  
P lan ts
W ater IAA W ater IAA
1 8.33* 10.67 6.67 8.80
2 7. 00 9 .50 7.33 9 .40
3 7. 67 8.87 8 .67 11.80
4 8 .50 10.80
5 7. 00 9 .20
6 11.75 9 .40
7 10.67 11.40
8 9 .75 9 .67
A verage 7.67 9.59 7 .56 10.06
E xperim en t A -1
* i^alues a re  in  ocular m ic ro m e te r units and each re p re se n ts  an 
average of 5 se c tio n s . Sixty m ic ro m e te r units = 5 m m.
TABLE 11
A verage Increase  in  Length, of S tem  Sections of CMU T rea ted  and U ntreated  P lan ts 
in  W ater and in  1, 2, 5, and 10 m g. / I .  Solutions of IAA fo r 20 Hours
Rep.
W ater 1 m g. / I .  IAA 2 m g. / l .  IAA 5 m g. / I .  IAA 10 m g. / I .  IAA
T r. Ck. T r. Ck. T r . Ck. T r. Ck. T r. Ck.
1 3* 2 2 5 5 2 3 4 5 4
2 2 3 4 4 3 2 6 4 7 7
3 3 5 5 3 6 3 6 5 8 3
4 2 2 7 6 4 6 3 6 6
Ave. 2 .5 3 .0 4 .5 4 .5 5 .0 2. 75 5.25 4 .0 6 .5 5 .0
E xperim en t A -2
* Values a re  in  ocu lar m ic ro m e te r units and each, re p re se n ts  an  average  of 10
sections. Sixty m ic ro m e te r units = 5 m m .
58
C. E xperim en t A-3
E xperim en t A - l  was v irtu a lly  rep ea ted  in  E xperim en t A -3 .
The re s u lts ,  as shown in Table 12, w ere s im ila r  in  the two e x p e ri­
m ents in tha t no significant d ifferences w ere noted betw een trea tm e n ts .
TABLE 12
A verage Increase  in  Length of Stem  Sections of C M U -Treated and 
U ntreated  P lan ts in  W ater and in  a  5 m g. /  I . IAA Solution in  D ark ­
ness  fo r 24 H ours
R eplication
Sections from  T rea ted  
P lan ts
Sections fro m  U ntreated 
P lan ts
W ater IAA W ater IAA
1 0.90* 6.89 0.80 9. 11
2 1.90 5.50 1.80 8.89
3 1.40 7.88 1.60 6.44
4 7.25 5 .36
5 7.71 4 .2 0
A verage 1.40 7.05 1.40 6.80
E xperim en t A-3
* Values a re  in ocular m ic ro m e te r units and each  rep re se n ts  an average 
of 10 sections. Sixty m ic ro m e te r units = 5 m m .
DISCUSSION
The outstanding c h a ra c te r is tic  of the v a rie ty  te s ts ,  w hether 
studied in  the fie ld  o r  in  the g reenhouse, was varia tion . This v a r ia ­
tion  appeared  betw een rep lica tions and betw een individuals in  both 
stand  counts and height m easu rem en ts . It is  apparen t fro m  the data 
th a t the te s ts  as they  were conducted did not show any d ifferen tia l r e ­
sponse of cotton v a rie tie s  to  the trea tm e n ts .
It cannot be s ta ted  ca tego rica lly , how ever, tha t such a  d iffer - 
ence does not ex is t. The study of d ifferences betw een v a rie tie s  pe r 
se  is  an arduous ta sk , as is  the study of m ore  subtle effects of h e rb i­
cides on p lan ts . When the two studies were superim posed , then, it  
would be expected th a t testing  p rocedures refined  enough to dem on­
s tra te  sm a ll d ifferences m ight be highly im p rac tica l. It m u st be 
em phasized , th e re fo re , tha t under the conditions of the te s ts  described  
above th e re  w ere no observable d ifferences in  the resp o n ses of the 
v a rie tie s , but the p o ssib ility  rem ains tha t the testing  p rocedures 
w ere not adequate and that p rocedures which would be unquestionably 
p rec ise  would be highly im p rac tica l to employ.
An exam ination of the l ite ra tu re  shaws tha t d ifferen tia l r e ­
sponses of v a rie tie s  of some crops o ther than cotton to  herb ic ides
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have often been rep o rted . On the o ther hand, re p o rts  to the c o n tra ry  
a lso  a re  found. The b e lie f c u rre n tly  held  by m any w orkers is  that 
v a rie tie s  m ay  rea c t d ifferen tly  to  h e rb ic id es , but th a t th is d ifferen tia l 
response  m ay be due en tire ly  to  inheren t d ifferences betw een the v a r ie ­
tie s  in  such c h a ra c te r is tic s  as tim e of em ergence and m atu ration . It 
has been shown by se v e ra l w orkers (10, 22, 23, 25, 66, 71, 74, 79) 
that th e re  a re  stages in  the grow th of c e r ta in  crop  p lan ts when they  a re  
e ith e r m ore o r le ss  suscep tib le  to in ju ry  by herb ic ides and th a t such 
stages a re  v e ry  sho rt. Thus i t  is  s ta ted  by som e of the above w orkers 
and im plied by  o thers tha t a  day 's  d ifference in  m atu ra tion  betw een two 
v a rie tie s  m ight account for a  d ifference in th e ir  reac tions to  an h e rb i­
cide applied a t the sam e tim e a fte r planting.
In the c u rre n t study the he rb ic ides w ere applied to the  so il a t 
the tim e  the cotton w as planted. In the l ite ra tu re  rev iew  p resen ted  
above, there  is  only one re p o rt of a  te s t  involving such p re -em erg en ce  
application of the herb icide (19). The assum ption  cannot be m ade tha t 
the in te rac tion  betw een an herb icide applied in  th is  m anner and the 
stage of growth of the plant would be le s s  than that occu rring  following 
d ire c t application of the herbicide a t the tim e tha t various growth 
stages a re  reached , b u t such a  p o ss ib ility  should be considered .
Another consideration  in  a study of th is  na tu re  is the genetic 
h e ritag e  of the plant m a te r ia l. The cotton v a rie tie s  used  in  the above
te s ts , which, a re  some of the m ore  w idely used  ones in  cotton produc­
tion , a re  perhaps m ore c lo se ly  re la te d  genetically  than m any of the  
v a rie tie s  of o ther c ro p s , such as co rn , which w ere em ployed in  o ther 
stud ies . The tim e req u ire d  fo r em ergence and m atu ra tion  was ob­
se rv ed  to  depend a g re a t deal m ore  upon w eather conditions than on 
any difference betw een v a rie tie s . If v a rie ta l d ifferences in  response  
to herb ic ides a re  indeed due to d ifferences in  stages of growth, i t  would 
not be expected  th a t cotton v a rie tie s  would re a c t  d ifferen tia lly  tow ard  
an herb ic ide  applied before  em ergence, although the reac tions of a ll 
v a rie tie s  m ight depend on w eather conditions.
The re p o r t  of observed  d ifferences betw een v a rie tie s  in  th e ir  
reac tio n  to  dinitrophenols cannot be sa id  to  be in  e r r o r  because of the 
c u rre n t study. The m y riad  se ts  of conditions influencing p lan ts in the 
fie ld  which ex is t from  day to day a re  ex trem ely  difficult to m easu re  
and a lm ost im possib le  to  duplicate. The published re p o r t  (78) and un­
published observations by  the sen io r au thor indicate tha t the difference 
betw een a t le a s t  two v a rie tie s  was c le a r  cut and s trik ing . It can 
m ere ly  be s ta te d  again th a t under the conditions of the above te s ts  
such d ifferences w ere not observed.
In the studies of the effect of 3 (p -ch lo ropheny l)-l, 1-dim ethyl 
u re a  (CMU) on the ra te  of re sp ira tio n  of cotton p lan ts , no p a tte rn  of 
stim ula tion  o r inhibition of oxygen uptake was estab lished . The data
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fro m  E xperim en ts R -5  and R -6  indicate tha t th e re  is  no im m ediate 
in itia l effect from  the addition of CMU to tis su e s  in  W arburg flaskB 
o r  from  in filtra ting  lea f tis su e  with solutions of CMU. T here seem s 
to be no tren d  tow ard  increasing  or decreasing  ra te s  of re sp ira tio n  in 
the roo ts , cotyledons, or leaves of cotton in the data  from  E xperim en ts 
R - l ,  R -2 , R -3 , and R -4 . The plants used on these  la t te r  experim ents 
d isplayed the typ ical sym ptom s of CMU in ju ry , and in  som e cases ap ­
peared  to be sev ere ly  in jured . In. E xperim en t R -4  th ere  was a  genera l 
dep ression  of the ra te s  of re sp ira tio n  of the tre a te d  p lan ts , but a t that 
tim e the cotton plants were shedding th e ir  cotyledons and those of the 
tre a te d  p lants which rem ained  attached  were a lm ost n ecro tic , while 
the cotyledons of un trea ted  p lants w ere in b e tte r  condition. The d e p re s ­
sion in re sp ira tio n  a t th is point m ay have been brought about by the im ­
pending death of the cotyledons ra th e r  than by  a  d ire c t e ffect of the 
herb ic ide .
In studies of the m odes of action of o ther h e rb ic id es it has 
generally  been found tha t re sp ira tio n  is  in  som e way affected  by the 
chem ical. T rea tm en t with a rsen ic , m aleic  hydrazide, or high con­
cen tra tions of dinitrophenols have been rep o rted  to inhibit re sp ira tio n  
and trea tm en t with low  concentrations of phenols and sodium  ch lorate  
stim u la tes oxygen uptake. Low concentrations of 2 ,4 -D stim ulate  
carbon  dioxide evolution, in term ediate  concentrations in c rease  the
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re s p ira to ry  ra te , and high concentrations d ecrease  carbon dioxide 
evolution a fte r  an in itia l stim ulation. The carbam ates IPC  and CIPC 
f i r s t  inhib it, then s tim u la te  and finally  cause a  decline in  re sp ira tio n .
The typ ical sym ptom s shown by  plants affected b y  CMU do not 
begin  to  appear until 10-14 days after tre a tm e n t. The in itia l sym ptom s 
a re  a m ild  m arg in a l ch lo rosis which p ro g re ss iv e ly  becom es m ore 
sev e re  and affects the en tire  le a f . The older leaves a re  f i r s t  affected , 
then  the younger. No sw ellings o r  m alform ations have been rep o rte d  
prev ious to the c u rre n t study.
If the apparen t la c k  of e ffect of the m a te r ia l upon re sp ira tio n  
is  considered  in the ligh t of such v isib le  sym ptom s, i t  appears 
possib le  th a t the ca tabo lism  of th e  plant m ay not be affected by t r e a t ­
m en t with CMU, a t  le a s t  until the  la s t  stages in  the life  of the plant. It 
has been shown th a t the anabolic p ro c e sse s  of the plant a re  affected in  
th a t the re se rv e  carbohydrates a re  ex trem ely  low  and n itrogen  a b so rp ­
tion  is  reduced  by half in  C M U -treated p lan ts .
The chlorophyll absorp tion  sp e c tra  obtained in  the c u rre n t study 
a re  indicative of one difference in  the reac tio n s of cotton p lants to t r e a t ­
m en t with CIPC and to trea tm e n t with CMU. The chlorophyll content 
of G IP C -trea ted  p lants has been re p o rte d  to in c rease  up to 28 p e r cent 
above th a t of u n trea ted  plants (36, 37), while the chlorophyll content of 
C M U -treated  p lan ts , according to  F ig u res  6 and 7 above, seem s to 
d ec rea se  on the o rd e r  of 33 per cent. Q ualitatively  the chlorophylls
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of tre a te d  and un trea ted  p lants appear to be the sam e, which m ay in d i­
cate th a t the chem ical o r its  m etabolic  product, does not d irec tly  b reak  
down the chlorophyll, but th a t the ch lo ro sis  a sso c ia ted  with CMU in ju ry  
is  a  re s u l t  of o ther effects on the plant.
When an herb ic ide  en te rs  a  p lan t, th e re  a re  a t le a s t  th ree  p o s­
s ib ilitie s  regard ing  the fate of the chem ical: 01) i t  m ay  rem a in  un ­
changed, (2) it  m a y b e  changed into m ore toxic agents than the orig inal, 
o r  (3) i t  m ay be broken  down into le s s  toxic m a te r ia ls  than the orig inal. 
In the p re sen t study lea f ex trac ts  of p lants which showed in ju ry  fro m  
trea tm e n t with CMU w ere com pared to lea f e x tra c ts  from  u n trea ted  
p lan ts , to  a  10 m g. /  I . CMU solution in  buffer, and to buffer alone in  
th e ir  effects upon oat germ ination  and roo t length. It is  g en era lly  tru e  
that p lant e x trac ts  a re  phytotoxic, and th is proved to  be the case in  
th is  experim ent. The e x tra c t from  un trea ted  p lants reduced  the p e r 
cent germ ination  of the oats by m ore than half and the roo t length  by 
a lm ost 45 per cent. It is in te res tin g , how ever, th a t a  fu rth e r reduction  
in both germ ination  and roo t length of the oats o ccu rred  when the oats 
w ere subjected to lea f e x trac ts  from  C M U -treated p lan ts . The in fe r ­
ence is that the toxic agent was p re sen t in the le a f e x tra c t, but tha t the 
tox ic ity  as com pared to that of the 10 m g. /  I . CMU solution was le ssen ed  
in  its  effect on germ ination  of oats. C onsideration o r roo t lengths of the 
oats shows that th e re  was apparen tly  some in c rease  in roo t elongation in
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the CMU solution and a sharp  inhibition in  the e x tra c t fro m  tre a te d  
p lan ts . The indications fro m  th is  experim en t a re  tha t CMU or the 
products of its  breakdow n in p lan ts rem a in  phytotoxic a fte r having 
been within the p lant fo r a  sufficient tim e to cause in jury .
When lea f b lades or cu t ends of pe tio les w ere im m ersed  in  
aqueous solutions of CMU fo r various periods of tim e , th e re  was no 
evidence of tran s lo ca tio n  of the CMU from  the lea f to the r e s t  of the 
p lan t in  any case . Some of these  solutions w ere of a concen tra tion  
sufficient to k ill the p lant if  absorbed  through the ro o ts , so i t  appears 
like ly  tha t while the m a te ria l m ay p ass  into the leaves fro m  the roo ts 
via the tran sp ira tio n  s tre am , i t  does not pass out of the leaves with 
syn thates. The fac t that im m ersion  of the cut ends of pe tio les in con­
cen tra ted  solutions of CMU caused  browning and abscis ion  of the petiole 
ind icates th a t th e re  is  som e m ovem ent of the m a te r ia l in  th is  organ, 
but the fa ilu re  of exp ress io n  of sym ptom s e lsew here  in  the p lant shows 
tha t th e re  is  little  o r no m ovem ent out into the tran sp ira tio n  s tre a m . 
T his view is supported by the fac t that M uzik e t a l (60) found tha t b u rn ­
ing of the phloem  did not in te rfe re  with the m ovem ent of CMU within 
the plant.
When CMU c ry s ta ls  were d isso lved  in  lano lin  and applied to 
cotton p lan ts , typ ical m arg in a l ch lo ro sis  was in itia ted  in leaves above 
the point of application on the stem . If the point of application w ere ju s t
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above the point of attachm ent of a  petio le  to  the stem , the le a f below  
was found to  be affected, but the m a te ria l did not seem  to move beyond 
th is  point. It was noted th a t in  m any c a se s  th a t despite the genera l 
ac ro p e ta l m ovem ent of CMU the cotyledons w ere often affected by ap ­
plication  of the paste  h igher up on the stem . It is  possib le  tha t the 
lo ss  of the cotyledons re su lte d  from  the adverse  effect of the lo ss  of 
the upper leav es , as cotton p lants under s tr e s s  have been observed  
to shed the cotyledons easily .
A pplication of the lanolin-CM U paste  to the le a f blade a t various 
points showed th a t p lacem ent on the low er su rface  was m uch m ore  e f­
fective in producing ch lo rosis than application to the upper le a f s u r ­
face. The findings of Muzik e t a l, working with N astu rtium , w ere that 
e n try  into the lea f was m uch m ore  fac ilita ted  by a  th in  cuticle  than by 
the num ber of stom ates p resen t. This is  apparen tly  the case  in  cotton 
a lso , a s the cuticle of the upper lea f su rface  is th icker than tha t of the 
low er.
In the te s ts  in  which the application of CMU in lanolin  apparen tly  
in itia ted  the form ation  of callus tis su e  and lea f m alfo rm ations, i t  
should be pointed out that these  sym ptom s could not be produced a t w ill. 
In the f i r s t  such te s t  only one of the six  tre a te d  plants d isplayed the 
le a f  m alfo rm ations, hi the second te s t  a ll of the m atu re  tre a te d  plants 
showed callus tis su e  at the point of application, but only six  of nine
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showed fo lia r m alfo rm ations. In the second te s t ,  in  which p lan ts of 
d ifferen t ages w ere tre a te d , only the cotton which was m a tu re , i .e .  , 
which was flow ering and bearing  young bo lls , showed the lea f m a l­
fo rm ations. Callus fo rm ation  o ccu rred  on about half of the younger 
p lan ts , but grow th was apparen tly  stopped, and no m alfo rm ed  leaves 
appeared .
The re s u lts  of the above te s ts  w ere unexpected, a s CMU has 
not been considered  to  be a grow th regulating compound. The fo lia r 
m alform ations observed  a re  iden tica l with the type of m alform ation  
a sso c ia ted  with the effect of 2 ,4 -D  on cotton, and it  would a t f i r s t  a p ­
p e a r  possib le  th a t the te s t  p lants had been acciden ta lly  exposed to the 
la t te r  compound. Severed fac ts  which m ake th is  p o ss ib ility  appear 
unlikely a re : (1) un trea ted  plants in  the sam e po t as those tre a te d  with 
CMU and showing fo lia r m alform ations were n o rm al in  appearance;
(2) p lan ts tre a te d  with lanolin  alone showed no effects; (3) the pure 
CMU used  in  these  experim en ts had been used in  so il and sp ray  t r e a t ­
m ents p rev iously  with no such form ative effects; (4) no o ther p lan ts in  
the greenhouse showed sym ptom s of 2 ,4 -D  injury; (5) on plants showing 
fo lia r m alfo rm atio n s, callus tis su e  was always p re se n t a t the point of 
application of the herb ic ide; and (6) the experim ent was repea ted  with 
s im ila r  re su lts .
The indoleacetic  acid  u tiliz a tio n  experim ents w ere designed to
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attem pt to  a sc e r ta in  w hether CMU m ight exhibit an  antiauxin effect as 
has been postiilated  fo r the herb ic ides m ale ic  hydrazide (15, 16) and, 
fro m  som e considera tions, for 2 ,4 -D  (8). The data  from  E xperim en ts 
A - l ,  A -2 , and A -3 indicate that plants p rev iously  tre a te d  w ith  CMU 
did not a c t appreciab ly  d ifferent fro m  un trea ted  p lan ts tow ard  XAA 
under the conditions of the experim en ts. I t  cannot be said  on the b a s is  
of th is  w ork that any antiauxin activ ity  was exhibited by  CMU.
SUMMARY
1. Severed crops have been rep o rte d  to exhibit a  d ifferen tia l v a rie ta l 
response  tow ard  h e rb ic id es.
2. F our fie ld  te s ts  and two greenhouse te s ts  were conducted in  an 
e ffo rt to determ ine the reactions of 13 v a rie tie s  of cotton to  3 h e rb i­
c ides, and no d ifferen tia l response  was noted.
3. The effect of 3 -(p -ch lo ropheny l)-l, 1-d im ethyl u re a  (CMU) on se v e ra l 
physiological p ro ce sse s  of cotton plants was determ ined .
4. R esp ira tion  was found to be unaffected by trea tm e n t of cotton plants 
with CMU.
5. Chlorophyll content was found to be reduced  in  C M U -treated  p lan ts , 
but to be qualitatively  unchanged.
6. E x tra c ts  from  the leaves of C M U -treated  plants w ere found to  be 
m ore toxic tow ard oats than e x trac ts  fro m  u n trea ted  p lan ts.
7. Im m ersion  of leaves in solutions of CMU did not re s u lt  in  tra n s lo c a ­
tion of the herb ic ide to o ther p a rts  of the plant.
8. A pplication of CMU c ry s ta ls  in lanolin  to the s tem s of cotton plants 
re su lted  in  acropeta l m ovem ent of the stim u lus, indicating tha t the 
m a te r ia l is tran sp o rte d  in  the xylem  and not tran s lo c a ted  with syn- 
tha tes in  the phloem .
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9. A pplication of CM U-lanolin paste  to  leaves indicated tha t the h e rb i­
cide en te rs  the le a f m uch m ore rea d ily  from  the low er su rface  than 
from  the upper.
10. A pplication of CM U-lanolin paste  to  the stem s and to the te rm in a ls  
of cotton plants re su lte d  in  callus tis su e  form ation  a t the point of 
application of the paste  on m any plants so trea ted .
11. A pplication of CMU in  lanolin  to the stem s and to the te rm in a ls  of 
m atu re  cotton plants re su lted  in  callus form ation  and m alform ed 
leaves in  m ost c a se s .
12. P lan ts  p rev iously  tre a te d  with CMU did not re a c t d ifferen tly  from  
un trea ted  plants in  the response of stem  sections to indoleacetic 
acid.
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PLA TE 1
r'-
fTm iTTTTlTn? I r m i r m )  TTniTnrlnrrtrrM  frrTTtrm IrrrrfTTrflTnTfTn Yl mTtTnriTrni
C allus T issue Induced on M ature and Seedling Cotton 
P lan ts  by  T rea tm en t with CMU in L anolin . Scale is
in C en tim eters .
PLATE 2
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F o lia r  M alform ations Induced on M ature Cotton P lan ts  by T re a t­
m ent with CMU in Lanolin. A rrow  Indicates Point of Application.
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